Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


THE 


PHILOSOPHY 


OF   THE 


INDUCTIVE    SCIENCES, 


FOUNDED  UPON  THEIR  HISTORY. 


BY  THE 


llEV.   WILLIAM  WHEWELL,  B.D., 

rKlLOW  Of   TRfNITT  CULLEOKi  AND  PHOrKSBOR  OP  KOBAL  PHILOMPHY  IN    THK   UXIVKRSlTr 
OF   TAMRRIDOB,   VICR- PRBSIDRNT  OP  THK  nROLOOfCAL  HOTIRTV 

OP  LONDON. 


IN  TWO  VOLUMES. 


An/LiTrddta  Z^ovrts  buAwrovtriV  oXX^Xocr. 


VOLUME  THE  SECOND. 


LONDON: 

JOHN   W.   PARKER,   WEST   STRAND. 
CAMBRIDGE :  J.  and  J.  J.  DEIGHTON. 


M.DCCC.XL. 


f  /S  i\  ^ 


TUE 


PHILOSOPHY 


OF  THB 


INDUCTIVE    SCIENCES. 


PART  I. 


OF  IDEAS, 


VOL,  II.  ^ 


mpap  Mfyaf  ^  kot  aKpi^iqp  Q  ry  ^\rt6v€iv  T€  koi  Bavfiao'ici-' 
ripnw  twaiy  di  dfj46T€fya  ravra  i^v  TH2  *YXH2  'I2T0PIAN 
tlXdyatf  &y  iv  irpwrots  ri6€irjfuv  doK€i  dc  Koi  npos  dkTjB€iav 
Semourtai  ^  yy^iv  o^r^r  ficyaXa  wfJLpaXXtaBca^  /idXtora  d€  vp6s 
T^v  <pv<riir  toTi  yap  otov  APXH  TON  Zm2N. 

Abistot.  IIcpA  ^vx^f.  1. 


BOOK  IX, 


THE  PHILOSOPHY  OF  BIOLOGY. 


Chapter  L 
ANALOGY  OP  BIOLOGY  WITH  OTHER  SCIENCES. 

1.  In  the  History  of  the  Sciences,  after  treating  of 
the  Sciences  of  Classification,  we  proceeded  to  what  are 
there  termed  the  Organical  Sciences,  including  in  this 
term  Physiology  and  Comparative  Anatomy.  A  peculiar 
fieature  in  this  group  of  sciences  is  that  they  involve  the 
notion  of  living  things.  The  notion  of  Life^  however  vague 
and  obscure  it  may  be  in  men's  minds,  is  apprehended  as 
a  peculiar  Idea,  not  resolvable  into  any  other  Ideas,  such, 
for  instance,  as  Matter  and  Motion.  The  separation  be- 
tween living  creatures  and  inert  matter,  between  organ-^ 
ized  and  unorganized  beings,  is  conceived  as  a  positive 
and  insurmountable  barrier.  The  two  classes  of  objects 
are  considered  as  of  a  distinct  kind,  produced  and  pre- 
served by  different  forces.  Whether  the  Idea  of  Life  is 
really  thus  original  and  fundamental,  and  whether,  if  so, 
it  be  one  Idea  only,  or  involve  several,  it  must  be  the 
province  of  true  philosophy  to  determine.  What  we 
shall  here  offer  may  be  considered  as  an  attempt  to  con- 
tribute something  to  the  determination  of  these  ques- 
tions ;  but  we  shall  perhaps  be  able  to  make  it  appear 
that  science  is  at  present  only  in  the  course  of  its  pro- 
gress towards  a  complete  solution  of  such  problems. 

Since  the  main  feature  of  those  sciences  of  which 
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we  have  now  to  examine  the  philosophy  is,  that  they 
involve  the  idea  of  life,  it  would  be  desirable  to  have 
them  designated  by  a  name  expressive  of  that  circum- 
stance. The  word  Physiology,  by  which  they  have  most 
commonly  been  described,  means  the  Science  of  Nature  ; 
and  though  it  would  be  easy  to  explain,  by  reference  to 
history,  the  train  of  thought  by  which  the  word  was 
latterly  restricted  to  living  nature,  it  is  plain  that  the 
name  is,  etymologically  speaking,  loose  and  improper. 
The  term  Biology,  which  means  exactly  what  we  wish  to 
express,  the  Science  of  Life,  has  often  been  used,  and  has 
of  late  become  not  uncommon  among  good  writers.  I 
shall  therefore  venture  to  employ  it,  in  most  cases,  rather 
than  the  word  Physiology, 

2.  As  I  have  already  intimated,  one  main  inquiry 
belonging  to  the  Philosophy  of  Biology,  is  concerning  the 
Fundamental  Idea  or  Ideas  which  the  science  involves. 
If  we  look  back  at  the  course  and  the  results  of  our  dis* 
quisitions  respecting  other  sciences  in  this  work,  and 
assume,  as  we  may  philosophically  do,  that  there  will  be 
some  general  analogy  between  those  sciences  and  this, 
in  their  developement  and  progress,  we  shall  be  enabled 
to  anticipate  in  some  measure  the  nature  of  the  view 
which  we  shall  now  have  to  take.  We  have  seen  that 
in  other  subjects  the  Fundamental  Ideas  on  which  sci- 
ence depended,  and  the  Conceptions  derived  from  these^ 
were  at  first  vague,  obscure,  and  confused ; — that  by 
gradual  steps,  by  a  constant  union  of  thought  and  obser- 
vation, these  conceptions  become  more  and  more  clear, 
more  and  more  definite ; — and  that  when  they  approached 
complete  distinctness  and  precision,  there  were  made 
gi'eat  positive  discoveries  into  which  these  conceptions 
entered,  and  thus  the  new  precision  of  thought  was 
fixed  and  perpetuated  in  some  conspicuous  and  lasting 
truths.     Thus  we  have  seen   how   the  first  confused 
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mechanical  conceptions  (Force  and  the  like,)  were  from 
time  to  time  growing  clearer  down  to  the  epoch  of  Newton ; 
— ^how  true  conceptions  of  Genera  and  of  wider  classes, 
gradually  unfolded  themselves  among  thQ  botanists  of  the 
sixteenth  and  seventeenth  centuries ; — ^bow  the  idea  of 
Substance  became  steady  enough  to  govern  the  theories 
of  chemists  only  at  the  epoch  of  Lavoisier ; — ^how  the 
Idea  of  Polarity,  although  often  used  by  physicists  and 
chemists,  is  even  now  somewhat  vague  and  indistinct  in 
the  minds  of  the  greater  part  of  speculators.  In  like  man- 
ner we  may  expect  to  find  that  the  Idea  of  Life,  if  indeed 
that  be  the  governing  Idea  of  the  science  which  treats 
of  living  things,  will  be  found  to  have  been  gradually 
approaching  towards  a  distinct  and  definite  form  among 
the  physiologists  of  all  ages  up  to  the  present  day.  And 
if  this  be  the  case,  it  may  not  be  considered  superfluous, 
with  reference  to  so  interesting  a  subject,  if  we  employ 
some  space  in  tracing  historically  the  steps  of  this  pro- 
gress ; — the  changes  by  which  the  originally  loose  idea 
of  Life,  or  of  Vital  Powers,  became  more  nearly  suited 
to  the  purposes  of  science. 

3.  But  we  may  safely  carry  this  analogy  between  Bio- 
logy and  other  sciences  somewhat  further.  We  have 
seen,  in  other  sciences,  that  while  men  in  their  speculations 
were  thus  tending  towards  a  certain  peculiar  Idea,  but 
before  they  as  yet  saw  it  clearly  to  be  peculiar  and  inde- 
pendent, they  naturally  and  inevitably  clothed  their  specu- 
lations in  conceptions  borrowed  from  some  other  extra- 
neous idea.  And  the  unsatisfectoriness  of  all  such  at- 
tempts, and  the  necessary  consequence  of  this,  a  constant 
alteration  and  succession  of  such  inappropriate  hypotheses, 
were  indications  and  aids  of  the  progress  which  was  going 
on  towards  a  more  genuine  form  of  the  science.  For 
Instance,  we  have  seen  that  in  chemistry,  so  long  as  men 
refdsed  to  recognise  a  peculiar  and  distinct  kind  of  power 
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in  the  Affinity  which  binds  together  the  elements  of 
bodies,  they  framed  to  themselves  a  series  of  hypotheeeai, 
pach  constructed  according  to  the  prevalent  ideas  of  the 
time,  by  which  they  tried  to  represent  the  relation  of  the 
compound  to  the  ingredients : — ^first  supposing  that  the 
elements  bestowed  upon  the  whole  qualities  resembling 
their  own : — ^then  giving  up  this  supposition,  and  imagin- 
ing that  the  properties  of  the  body  depended  upon  the 
shape  of  the  component  particles; — then,  as  their  view 
expanded,  assuming  that  it  was  not  the  shape,  but  th^ 
mechanical  forces  of  the  particles  which  gave  the  body 
its  attributes ; — and  finally  acquiescing  in,  or  rather  re- 
luctantly admitting,  the  idea  of  Affinity^  conceived  as  a 
peculiar  power,  different  not  only  from  material  contacti 
but  from  any  mechanical  or  dynamical  attraction. 

Now  we  cannot  but  think  it  very  natural  to  find  that 
the  history  of  Biology  offers  a  series  of  occurrences  of  the 
same  nature.  The  notions  of  Life  in  general,  or  of  any 
Vital  Functions  or  Vital  Forces  in  particular,  are  obviously 
very  loose  and  vague  as  they  exist  in  the  minds  of  most 
men.  The  discrepancies  and  controversies  respecting  the 
definitions  of  all  such  terms,  which  are  found  in  all  works 
on  physiology,  afford  us  abundant  evidence  that  these 
notions  are  not,  at  least  not  generally,  apprehended  with 
complete  clearness  and  steadiness.  We  shall  therefore 
£nd  approaches  and  advances,  intermediate  steps,  gra- 
<]ually  leading  up  to  the  greatest  degree  of  distinctness 
which  has  yet  been  attained.  And  in  those  stages  of 
imperfect  apprehension  in  which  the  notions  of  life  and 
of  vital  powers  are  still  too  loose  and  unformed  to  be 
applied  independently,  we  may  expect  to  find  them  sup- 
ported and  embodied  by  means  of  hypotheses  borrowed 
from  other  subjects,  and  thus  made  so  distinct  and  sub- 
stantial as  to  supply  at  least  a  temporary  possibility  of 
scientific  reasoning  upoi^  the  laws  of  life. 
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4,  For '  example,  if  we  suppose  that  men  begin  to 
speculate  upon  the  properties  of  living  things  without 
acknowledging  a  peculiar  Vital  Power,  but  making  use 
suooessively  of  the  knowledge  supplied  by  the  study  of 
other  subjects,  we  may  easily  imagine  a  series  of  hypo-> 
theses  along  which  they  would  pass. 

They  woiild  probably,  first,  in  this  as  in  other  sciences* 
have  their  thoughte  occupied  by  vague  and  mystical  notions 
in  which  material  and  spiritual  agency,  natural  and  super* 
natural  events,  were  mixed  together  without  discnmina* 
tion,  and  without  any  clear  notion  at  all.  But  as  they 
acquired  a  more  genuine  perception  of  the  nature  of 
knowledge,  they  would  naturally  try  to  explain  vital 
motions  and  processes  by  means  of  such  forces  as  they 
had  learnt  the  existence  of  from  other  sciences.  They 
might  first  have  a  mechanical  hypothesis,  in  which  the 
mechanical  forces  of  the  solids  and  fluids  which  compose 
organized  bodies  should  be  referred  to,  as  the  most  im- 
portant influences  in  the  process  of  life.  They  might 
then  attend  to  the  actions  which  the  fluids  exercise  in 
virtue  of  their  affinity,  and  might  thus  form  a  chemical 
theory.  When  they  had  proved  the  insuiHcience  of  these 
hypotheses,  borrowed  from  the  powers  which  matter  exhi« 
bits  in  other  cases,  they  might  think  themselves  autho* 
rized  to  assuihe  some  peculiar  power  or  agency,  still 
material,  and  thus  they  would  have  the  hypothesis  of  a 
vital  fluid.  And  if  they  were  driven  to  reject  this,  they 
might  think  that  there  was  no  resource  but  to  assume 
an  immaterial  principle  of  life,  and  thus  they  would  arrive 
nt  the  doctrine  of  an  animal  soul. 

Now,  through  the  cycle  of  hypotheses  which  we  have 
thus  supposed,  physiology  has  actually  passed.  The  con-* 
olusions  to  which  the  most  philosophical  minds  have  been 
led  by  a  survey  of  this  progress  is,  that  by  the  failure  of 
all  these  theories^  men  have  exhausted  this  path  of  inquiryt 
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and  shown  that  scientific  truth  is  to  be  sought  in  some 
other  manner.  But  before  I  proceed  further  to  illustrate 
this  result,  it  will  be  proper,  as  I  have  already  stated,  to 
exhibit  liistorically  the  various  hypotheses  which  I  have 
described.  In  doing  this  I  shall  principally  follow  the 
History  of  Medicine  of  SprengeK  It  is  only  by  taking 
for  my  guide  a  physiologist  of  acknowledged  science  and 
judgment,  that  I  can  hope,  on  such  a  subject,  to  avoid 
errors  of  detail.  I  proceed  now  to  give  in  succession  an 
account  of  the  Mystical,  the  latrochemical,  the  latroma* 
thematical,  and  the  Vital-Fluid  Schools ;  and  finally  of 
the  Psychical  School  who  hold  the  Vital  Powers  to  be 
derived  from  the  Soul  (Psycfie). 


Chapter  II. 
SUCCESSIVE  BIOLOGICAL  HYPOTHESES. 

Sect.  L  Mystical  School — ^In  order  to  abbreviate  as 
much  as  can  conveniently  be  done  the  historical  view 
which  I  have  now  to  take,  I  shall  altogether  pass  over 
the  physiological  speculations  of  the  ancients,  and  begin 
my  survey  with  the  general  revival  of  science  in  modem 
times. 

We  need  not  dwell  long  on  the  fantastical  and  unsub- 
stantial doctrines  concerning  physiology  which  prevailed 
in  the  sixteenth  century,  and  which  flowed  in  a  great 
measure  from  the  fertile  but  ill-regulated  imaginations  of 
the  cultivators  of  Alchemy  and  Magic.  One  of  the  pro- 
minent doctors  of  this  school  is  the  celebrated  Paracelsus, 
whose  doctrines  contained  a  combination  of  biblical  in- 
terpretations, visionary  religious  notions,  fanciful  ana- 
logies, and  bold  experiments  in  practical  medicine.  The 
opinion  of  a  close  but  mystical  resemblance  of  parts 
between  the  universe  and  the  human  body,  the  Maa^ocosm 
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and  the  Microcosm^  as  these  two  things,  thus  compared, 
were  termed,  had  probably  come  down  from  the  Neopla* 
tonists;   it  was  adopted  by  the  Paracelsists^  and  con- 
nected with  various  astrological  dreams  and  cabbalistic 
riddles*  A  succession  of  later  Paracelsistsf,  Bosicrucians, 
and  other  fanatics  of  the  same  kind,  continued  into  the 
seventeenth  century.    Upon  their  notions  was  founded  the 
pretension  of  curing  wounds  by  a  sympathetic  powder, 
which  Sir  Kenelm  Digby,  among  others,  asserted;  while 
animal  magnetism,  and  the  transfer  of  diseases  from  one  per- 
son to  another  :|:,  were  maintained  by  others  of  this  school. 
They  held,  too,  the  doctrines  of  astral  bodies  correspond- 
ing to  each  terrestrial  body;  and  of  the  signatures  of  plants, 
that  is,  certain  features  in  their  external  form  by  which 
their  virtues  might  be  known.     How  little  advantage  or 
progress  real  physiology  could  derive  from  speculations  of 
this  kind  may  be  seen  from  this,  that  their  tendency  was 
to  obliterate  the  distinction  between  living  and  lifeless 
things :  according  to  Paracelsus,  all  things  are  alive,  eat, 
drink, 'and  excrete;  even  minerals  and  fluids  J.     Accord- 
ing to  him  and  his  school,  besides  material  and  immaterial 
beings,  there  are  elementary  sfpiriis  which  hold  an  inter- 
mediate place,  9yhanSy  nymphs^  gnomes^  salamanders^  &c. 
by  whose  agency  various  processes  of  enchantment  may  be 
achieved,  and  things  apparently  supernatural  explained. 
Thus  this  spiritualist  scheme  dealt  with  a  world,  of  its 
own  by  means  of  fancifril  inventions  and  mystical  visions, 
instead  of  making  any  step  in  the  study  of  nature. 

Perhaps,  however,  one  of  the  most  fantastical  of  the 
inventions  of  Paracelsus  may  be  considered  as  indicating  a 
perception  of  a  peculiar  character  in  the  vital  powers. 
According  to  him,  the  business  of  digestion  is  performed 
by  a  certain  demon  whom  he  calls  Archaus^  who  has  his 

•  Spb.,  ill.,  456.  t  Ih.,  IV.,  270.  J  Ih.,  iv.,  276. 

§  Ib.y  ill.  458.    Parac,  De  Vita  Rerum  Naturalium,  p.  889. 


10  PHILOSOPHY  OF  BIOLOGY, 

abode  in  the  stomach,  and  wlio,  by  means  of  his  alche« 
mical  prooesseSy  separates  the  nutritive  from  the  harmful 
part  of  our  food,  and  makes  it  capable  of  assimilation*. 
This  fanciful  notion  was  afterwards  adopted  and  (expanded 
by  Van  Helmontf .  According  to  hirii  the  stomach  iatid 
spleen  are  both  under  the  direction  of  this  master-spirit^ 
and  these  two  organs  form  a  sort  of  Duumviraie  in  the  body. 

But  though  we  may  see  in  such  writers  occasional 
gleams  of  physiological  thought,  the  absence  of  definite 
physical  relations  in  the  speculations  thus  promulgated 
was  naturally  intolerable  to  men  of  sound  understandings 
and  scientific  tendencies.  Such  men  naturally  took  hold  of 
that  part  of  the  phenomena  of  life  which  could  be  most  difih 
tinctly  conceived,  and  which  could  be  apparently  explained 
by  means  of  the  sciences  then  cultivated ;  and  this  was  thQ 
part  which  appeared  to  be  reducible  to  chemical  concept 
tions  and  doctrines.  It  will  readily  be  supposed  that  thQ 
processed  of  chemistry  have  a  considerable  bearing  upon 
physiological  processes,  and  might,  till  their  range  was 
limited  by  a  sound  investigation,  be  supposed  to  have 
still  more  than  they  really  had ;  and  thus  a  physiology 
was  formed  which  depended  mainly  upon  chemistry,  and 
the  school  which  held  this  doctrine  has  been  called  the 
iatrochemical  school. 

Sect.  II.  The  Iatrochemical  School. — ^That  all  physical 
properties,  and  therefore  chemical  relations,  have  a  mate- 
rial influence  on  physiological  results,  was  already  recog- 
nised, though  dimly»  in  the  Galenic  doctrine  of  the  four 
elementary  qualities.  But  at  the  time  of  Paracelsus, 
ehemical  action  was  more  distinctly  than  before  separated 
from  other  kinds  of  physical  action;  and  therefore  a 
physiological  doctrine,  founded  upon  chemistry,  and  freed 
from  the  extravagance  and  mysticism  of  the  Paracelsists, 
was  a  very  promising  path  of  speculation.     Andrew  Liba- 
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Yiys*  of  Halle,  in  Saxony,  Physician  and  Teacher  in  the 
Gjrmnasiutn  at  Koberg,  is  pointed  out  by  Spreugel  as  the 
person  who  began  to  cultivate  chemistry,  as  distinct  from 
the  theosophic  fantasies  of  his  predecessors  ;  and  Angeliia 
Sala  of  Viennaf,  as  his  successor.  The  latter  has  the 
laudable  distinction  of  having  rejected  the  prevalent  con-i 
ceits  about  potable  gold,  a  universal  medicine,  and  the 
like:}:.  In  Germany  already  at  the  beginning  of  the 
seventeenth  century  a  peculiar  chair  of  Chymiatria  viras 
already  created  at  Marpurg :  and  many  in  various  places 
pursued  the  same  studies,  till,  in  tjie  middle  of  the  seveh-t 
teenth  century,  we  come  to  Lemery^,  the.  principal 
reformer  of  pharmaceutical  chemistry.  But  we  are  hot 
bere  so  much  concerned  with  the  practical  as  with  the 
theoretical  parts  of  iatrochemistry;  jand  heiice  wjb  pass  on 
to  Sylvius  II  and  his  system. 

The  opinion  that  chemistry  had  an  important  bearing 
upon  physiology  did  not,  however,  begin  with  Sylvius. 
Paracelsus,  among  his  extravagant  absurdities,  did  some 
service  to  medicine  by  drawing  attention  to  tiiis  important 
truth.  He  used  ^  chemical  principles  for  the  explanation 
of  particular  diseases ;  most  or  all  of  them  according  to 
him,  arise  from  the  effervescence  of  salts,  from  the  eoxxi^ 
bustion  of  sulphur,  or  from  the  coagulation  of  mercury. 
His  medicines  were  chemicd  preparations ;  and  Jt  wais**. 
an  undeniable  advantage  of  the  Paracelsian  doctrine  that 
chemistry  thus  became  indispensable  to  the  physician. 
We  still  retain  a  remnant  of  the  chemical  nomenclature 
of  Paracelsus  in  the  term  tartar^  denoting  the  stoiay  con-* 
cretion  which  forms  on  the  teeth  ft*  According  to  him 
there  is  a  certain  substance,  the  basis  of  all  diseases  which 
arise  from  a  thickening  of  the  juices  and  a  collection  of 
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earthy  matter;  and  this  sabstance  he  calls  Tartarus^ 
because  it  **  burns  like  the  fire  of  hell."  Helmont,  the 
successor  of  Paracelsus  in  many  absurdities,  also  followed 
him  in  the  attempt  to  give  a  chemical  account,  however 
loose  and  wild,  of  the  functions  of  the  human  body ;  and 
is  by  Sprengel  considered,  with  all  his  extravagancies,  as 
a  meritorious  and  important  discoverer.  The  notion  of 
the  fermentation  of  fluids*,  and  of  the  aerial  product 
thence  resulting,  to  which  he  gave  the  name  of  Gas^  forms 
an  important  part  of  his  doctrines ;  and  of  the  six  diges- 
tions which  he  assumes,  the  first  prepares  an  acid,  which 
is  neutralized  by  the  gall  when  it  reaches  the  duodenum, 
and  this  constitutes  the  second  digestion. 

I  have  already,  in  the  History  of  Chemistry f,  stated, 
that  the  doctrine  of  the  opposition  of  acid  and  alkali,  the 
great  step  which  theoretical  chemistry  owes  to  Sylvius,' 
was  first  brought  into  view  as  a  physiological  tenet, 
although  we  had  then  to  trace  its  consequences  in  ano-* 
ther  science.  The  explanation  of  all  the  functions  of  the 
animal  system,  both  healthy  and  morbid,  by  means  of 
this  and  other  chemical  doctrines,  and  the  prescription  of 
methods  of  cure  founded  upon  such  explanations,  form 
the  scheme  of  the  iatrochemical  school ;  a  school  which 
almost  engrossed  the  favour  of  European  physicians 
during  the  greater  part  of  the  seventeenth  century. 

Sylvius  taught  medicine  at  Leyden,  from  the  year 
1658,  with  so  much  success,  that  Boerhaave  alone  sur- 
passed him^.  His  notions,  although  he  piqued  himself 
on  their  originality,  were  manifestly  suggested  in  no 
small  degree  (as  all  such  supposed  novelties  are)  by  the 
speculations  of  his  predecessors,  and  the  spirit  of  the 
times.  Like  Helmont^,  he  considers  digestion  as  con- 
sisting in  a  fermentation ;  but  he  states  it  more  definitely 
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as  the  efTervescence  of  an  acid,  supplied  by  the  saliva 
and  the  pancreatic  juice,  with  the  alkali  of  the  gall.  By 
various  other  hypothetical  processes,  all  of  a  chemical 
nature,  the  blood  becomes  a  collection  of  various  juices, 
which  are  the  subjects  of  the  speculations  of  the  iatro- 
chemists,  to  the  entire  neglect  of  the  solid  parts  of 
the  body.  Diseases  were  accounted  for  by  a  supposed 
prevalence  of  one  or  the  other  of  the  acrid  principles,  the 
acid  or  the  alkaline :  and  Sylvius^  was  bold  enough  to 
found  upon  these  hypotheses  practical  methods  of  cur^ 
which  were  in  the  highest  degree  mischievous. 

The  Sylvian  doctrine  was  often  combined  with  somef 
of  the  notions  of  the  Cartesian  system  of  philosophy; 
but  this  mixture  I  shall  not  notice,  since  my  present 
object  is  to  trace  the  history  of  a  mere  chemical  physio- 
logy as  one  of  the  unsuccessful  attempts  at  a  philosophy 
of  life.    With  various  modifications,  this  doctrine  was 
diffused  over  Europe.    It  gave  rise  to  several  centre* 
versies^  which  turned  upon  the  questions  of  the  novelty 
of  the  doctrine,  and  the  use  of  chemical  remedies  to 
whicb  it  pointed,  as  well  as  upon  its  theoretical  truth. 
We   need  not  dwell  long   upon    these    controversies, 
although  they  were  carried  on  with  no  small  vehemence 
in  their  time.     Thus  the  school  of  Paris  opposed  all 
innovation,  remained  true  to  the  Galenic  dogmatism,  and 
declared  itself  earnestly  against  all  combination  of  che- 
mistry with  medicine;   and  even  against  the  chemical 
preparation  of  medicaments.    Guy  Patin,  a  celebrated 
and  learned  professor  of  that  day,  declares  f  that  the 
chemists  are  no  better  than  forgers,  and  ought  to  be  pun- 
ished as  such.    The  use  of  antimonial  medicines  was  a 
main  point  of  dispute  between  the  iatrochemists  and 
their  opponents;  Patin  maintained  that  more  men  had 
been  destroyed  by  antimony  than  by  the  thirty  years  war 
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of  Germany ;  and  endeavoured  to  substantiate  this  asser- 
tion by  collecting  all  such  cases  in  his  Marhfrclogium 
Antimonii.  It  must  have  been  a  severe  blow  to  PatirL 
when*,  iii  1666,  the  doctors  of  the  faculty  of  Paris, 
assembled  by  command  of  the  parliament,  declared,  by  a 
fiiajority  of  ninety-two  voices,  that  the  use  of  antimonial 
medicines  was  allowable  and  laudable,  and  when  all 
attempt!  to  set  aside  this  decision  failed. 

MorentiuB  Schuyl  of  Leyden  sought  to  recommend 
the  iatrochemical  doctrines,  by  maintaining  that  they 
were  to  be  found  In  the  Hippocratic  writings ;  nor  was 
it  difficult  to  give  a  chemical  interpretation  of  the 
humoral  pathology  of  the  ancients.  The  Italian  f  phy- 
sicians also,  for  the  most  part,  took  this  line,  and 
attempted  to  show  the  agreement  of  the  principles  of 
the  ancient  school  of  medicine  with  the  new  chemical 
tiotionsr  This,  indeed,  is  the  usual  manner  in  which  thd 
difflision  of  new  theoretical  ideas  becomes  universal. 

The  progress  of  the  chemiical  school  of  medicine  in 
England  t  requires  our  more  especial  notice.  Willis  waii 
the  most  celebrated  champion  of  this  sect.  He  assumed, 
but  With  modifications  of  his  own,  the  three  Paracelsian 
principles,  salt,  sulphur,  and  mercury;  considered  digest 
tion  as  the  effect  of  an  acid,  and  explained  other  parts  of 
the  animal  economy  by  distillation,  fermentation,  and  the 
like.  All  diseases  arise  from  the  want  of  the  requisite 
ferment ;  and  the  physician,  he  says  J,  may  bo  compared  to 
a  vintner,  since  both  the  one  and  the  other  have  to  take 
care  that  the  necessary  fermentations  go  on,  that  no 
foreign  matter  mixes  itself  with  the  wine  of  life,  to  inter- 
rupt or  derange  those  operations.  In  the  middle  of  the 
seventeenth  century,  medicine  had  reached  a  point  in 
which  the  life  of  the  animal  body  was  considered  as 
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merely  a  chemical  process;  the  wish  to  explain  every-* 
thing  on  known  principles  left  no  recognised  difference 
between  organized  and  unorganized  bodies,  and  diseases 
were  treated  according  to  this  delusive  notion.  The 
condition  of  chemistry  itself  during  this  period,  though 
not  one  of  brilliant  progress,  was  sufficiently  stable  and 
flourishing  to  give  a  plausibility  to  any  speculatiou  which 
was  founded  on  chemical  principles,  and  the  real  influ'^ 
ence  of  these  principles  in  the  animal  frame  could  not  be 
denied. 

The  iatrochemists  were  at  first  resisted,  as  we  have 
seen,  by  the  adherents  of  the  ancient  schools ;  they  were 
attacked  on  various  grounds,  and  finally  deposed  from 
their  ascendency  by  another  fiect,  which  we  have  to  speak 
of,  as  the  iatromathematical,  or  mechanical  sohooL  This 
sect  was  no  less  unsatisfactory  and  erroneous  in  its  posi^ 
tive  doctrines  than  the  chemists  had  been ;  for  the  animal 
frame  is  no  more  a  mere  machine  than  a  mere  laboratory : 
but  it  promoted  the  cause  of  truth,  by  detecting  and 
exposing  the  insufficient  explanations  and  unproved 
assertions  of  the  reigning  theory. 

Boyle  was  one  of  the  persons  who  first  raised  doubfad 
against  the  current  chemical  doctrines  of  his  tiine,  as  we 
have  elsewhere  noted ;  but  his  objections  had  no  peculiar 
physiological  import.  Hermann  Conring*,  the  most 
learned  physician  of  his  time,  a  contemporary  with  Syl« 
viiis,  took  a  view  more  pertinent  to  our  present  object ; 
for  he  not  only  rejected  the  alchemical  and  hermetical 
medicines,  but  taught  expressly  that  chemistry,  in  its 
then  existing  condition,  was  better  fitted  to  be  of  use  in 
the  practice  of  pharmacy,  than  in  the  theories  of  physio- 
logy and  pathology.  He  made  the  important  assertion^ 
also^  that  chemical  principles  do  not  pre-exist  as  such  in 
the  animal  body ;  and  that  there  are  higher  powers  which 
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operate  in  the  organic  woiid,  and  which  do  not  depend 
on  the  form  and  mixture  of  matter. 

Attempts  were  made  to  prove  the  acid  and  alkaline 
nature  of  the  fluids  of  the  human  body  by  means  of  expe* 
riments,  as  by  John  Viridet  of  Geneva*,  and  by  Raimond 
Vieussensfy  the  latter  of  whom  maintained  that  he  had 
extracted  an  acid  from  the  blood,  and  detected  a  ferment 
in  the  stomach.  In  opposition  to  him>  Hecquet,  a  dis* 
ciple  of  the  iatromathematical  school,  endeavoured  to 
prove  that  digestion  was  performed,  not  by  means  of  fer- 
mentation, but  by  trituration.  Hecquet's  own  opinions 
cannot  be  defended ;  but  his  objections  to  the  chemical 
doctrines,  and  his  assertion  of  the  difference  of  chemical 
and  organical  processes,  are  evidences  of  just  thought  |. 

The  most  important  opponents  of  the  iatrochemical 
school  were  Pitcaim  in  England,  Bohn  and  Hofiman  in 
Germany,  and  Boerhaave  in  Holland.  These  eminent 
physicians,  about  the  end  of  the  seventeenth  century, 
argued  on  the  same  grounds  of  observation,  that  digestion 
is  not  fermentation,  and  that  the  Sylvian  accounts  of  the 
origin  of  diseases  by  means  of  acid  and  alkali  are  false. 
The  arguments  and  authority  of  these  and  other  persons 
finally  gained  an  ascendency  in  the  medical  world,  and 
soon  after  this  period  we  may  consider  the  reign  of 
the  chemical  school  of  physiology  as  past.  In  fact,  the 
attempts  to  prove  its  assertions  experimentally  were  of 
the  feeblest  kind,  and  it  had  no  solid  basis  on  which  it 
could  rest,  so  as  to  resist  the  shock  of  the  next  hypothesis 
which  the  progress  of  the  physical  sciences  might  impel 
against  it.  We  may,  therefore,  now  consider  the  opinion 
of  the  mere  chemical  nature  of  the  vital  processes  as 
disproved,  and  we  proceed  next  to  notice  the  history  of 
another  unsuccessful  essav  to  reduce  vital  actions  to 
known  actions  of  another  kind. 
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Sect.  III.  The  latromatheinaiical  School. — In  the  first 
Section  of  this  chapter,  we  enumerated  the  biological 
hypotheses  which  at  first  present  themselves,  as  the 
mystical,  the  mechanical,  the  chemical.  We  might  have 
expected  that  they  should  occur  to  men's  minds  in  the 
order  thus  stated:  and  in  fact  they  did  so;  for  the  phy- 
siology of  the  ancient  materialists,  as  Democritus  and 
Lucretius,  is  mechanical  so  far  as  it  is  at  all  distinct  in 
its  views,  and  thus  the  mechanical  preceded  the  che- 
mical doctrine.  But  in  modem  times,  the  fluid  or  che- 
mical physiology  was  developed  before  the  solid  or 
mechanical :  of  which  the  reason  appears  to  have  been 
this ; — that  mechanics  and  chemistry  began  to  assume  a 
scientific  character  about  the  same  time ;  and  that  of  the 
two,  chemistry  not  only  appeared  at  first  sight  more 
applicable  to  the  functions  of  the  body,  because  all  the 
more  rapid  changes  appear  to  be  connected  with  modi- 
fications of  the  fluids  of  the  animal  system,  but  also,  by 
its  wider  range  of  facts  and  more  indefinite  principles, 
afforded  a  better  temporary  refuge  for  the  mitfd  when 
perplexed  by  the  difficulties  and  mysteries  which  spring 
out  of  the  speculations  concerning  life.  But  if  chemistry 
was  thus  at  first  a  more  inviting  field  for  the  physiologist, 
mechanics  soon  became  more  attractive  in  virtue  of  the 
splendid  results  obtained  by  the  schools  of  Galileo  and 
Newton.  And  when  the  insufficiency  of  chemical  phy- 
siology was  discovered  by  trial,  as  we  have  seen  it  was, 
the  hope  naturally  arose,  that  the  mechanical  principles 
which  had  explained  so  many  of  the  phenomena  of  the 
external  universe  might  also  be  found  applicable  to  the 
smaller  world  of  material  life;  that  the  microcosm  as 
well  as  the  macrocosm  might  have  its  mechanical  princi- 
ples. From  this  hope  sprung  the  iatromathematical 
school,  or  school  of  mechanical  physiolc^sts. 

We  may,  however,  divide  this  school  into  two  parts, 
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the  Italian,  and  the  Cartesio-Newtoniau  eect.  The 
former  employed  themselves  in  calculating  and  analysing 
a  number  of  the  properties  of  the  animal  frame  which 
are  undoubtedly  mechanical ;  the  latter,  somewhat  intoxi- 
cated by  the  supposed  triumphs  of  the  corpuscular  philo- 
sopl^y,  endeavoured  to  extend  these  to  physiology,  and 
for  this  purpose  introduced  into  the  subject  many  arbi- 
trary and  baseless  hypotheses.  I  will  very  briefly  men- 
tion some  of  the  writers  of  both  these  sects. 

The  main  points  to  which  the  Italian  or  genuine 
mechanical  physiologists  attended,  were  the  application 
of  mechanical  calculations  to  the  force  of  the  muscles, 
and  of  hydraulical  reasonings  to  the  motion  of  the  fluids 
of  the  animal  system.  The  success  with  which  Galileo 
and  his  disciples  had  pursued  these  branches  of  mecha- 
nical philosophy,  and  the  ascendency  which  they  had 
obtained,  first  in  Italy,  and  then  in  other  lands,  made 
such  speculations  highly  interesting.  Borelli  may  be 
considered  as  the  first  great  name  in  his  line,  and  bis 
book,  De  Motu  Animaliumj  {Opus  Posthumum^  BomSi 
1680,)  is  even  now  a  very  instructive  treatise  on  the  force 
and  action  of  the  bones  and  muscles.  This,  certainly  one 
of  the  most  valuable  portions  of  mechanical  physiology, 
has  not  even  yet  been  so  fully  developed  as  it  deserves^ 
although  John  Bernoulli*  and  his  son  Daniel f  applied 
to  !(;  the  resources  of  analysis,  and  Pemberton  t,  in  Eng- 
land, pursued  the  same  subject.  Other  of  these  mechar 
nicp-physiological  problems  consisted  in  referring  the  pres- 
sure of  the  blood  and  of  the  breath  to  hydrostatical  prin- 
ciples. In  this  manner  Borelli  was  led  to  assert  that  the 
muscles  of  the  heart  exert  a  force  of  180,000  poundsf 
But  a  little  later,  Keill  reduced  this  force  to  a  few 
ounces  Ij.     Keill  and  others  attempted  to  determine,  on 
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similar  principles,  the  velocity  of  the  blood ;  we  need  not 
notice  the  controversies  -which  thus  arose,  since  there  is 
not  involved  in  them  any  peculiar  physiological  principle. 

The  peculiar  character  of  the  iatromathematical 
school,  as  an  attempt  at  physiological  theory,  is  more 
manifest  in  its  other  section,  which  we  have  called  the 
Cartesio-Newtonian.  The  Cartesian  system  pretended 
to  account  for  the  appearances  and  changes  of  bodies  by 
means  of  the  size,  figure,  and  motion  of  their  minute 
particles.  And  though  this  system  in  its  progress  toward* 
the  intellectual  empire  of  Europe  was  suddenly  overs 
turned  by  the  rise  of  the  Newtonian  philosophy,  thesq 
corpuscular  doctrines  rather  gained  than  lost  by  the  revo- 
tion ;  for  the  Newtonian  philosophy  enlarged  the  powers 
of  the  corpuscular  hypothesis,  by  adding  the  effects  of  the 
attractive  and  repulsive  forces  of  particles  to  those  of 
their  form  and  mot^ion.  By  this  means,  although  New* 
ton's  discoveries  did  not  in  fact  augment  the  probability 
of  the  corpuscular  hypothesis,  they  so  far  increased  its 
plausibility,  that  this  hypothesis  found  favour  both  with 
Newton  himself  and  his  contemporaries,  no  less  than  it 
had  done  with  the  Cartesians. 

The  attempt  to  apply  this  corpuscular  hypothesis  to 
physiology  was  made  by  Des  Cartes  himself.  The  genor 
ral  character  of  such  speculations  may  easily  be  guessed  *. 
The  secretions  are  effected  by  the  organs  operating  after 
the  manner  of  sieves.  Round  particles  pass  through 
cylindrical  tubes,  pyramidal  ones  through  triangular 
pores,  cubical  particles  through  square  apertures,  and 
thus  different  kinds  of  matter  are  separated.  Similar 
speculations  were  pursued  by  other  mathematicians ;  the 
various  diameter  of  the  vessels  f^  their  curvatures,  folds^ 
and  angles,  were  made  subjects  of  calculation.  Bellini, 
Donrollini,  Gulielmini,  in  Italy;    Perrawlt,  Dodart,  in 
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France;  Cole,  Keill,  Jurin,  in  England,  were  the  prin- 
cipal cultivators  of  such  studies.  In  the  earlier  part  of 
the  eighteenth  century,  physiological  theorists  considered 
it  as  almost  self-evident  that  their  science  required  them 
to  reason  concerning  the  size  and  shape  of  the  particles 
of  the  fluids,  the  diameter  and  form  of  the  invisible 
vessels.  Such  was,  for  instance,  the  opinion  of  Cheyne*, 
who  held  that  acute  fevers  arise  from  the  obstruction  of 
the  glands,  which  occasions  a  more  vehement  motion  of 
the  blood.  Mead,  the  physician  of  the  King,  and  the 
friend  of  Newton,  in  like  manner  explained  the  effects  of 
poisons  by  hypotheses  concerning  the  form  of  their  par- 
ticlesf,  as  we  have  already  seen  in  speaking  of  chemistry. 

It  is  not  necessary  for  us  to  dwell  longer  on  this 
subject,  or  to  point  out  the  total  insufficiency  of  the  mere 
mechanical  physiology.  The  iatrochemists  had  neglected 
the  effect  of  the  solids  of  the  living  fmme;  the  iatro- 
mathematicians  attended  only  to  these  t-  And  even 
these  were  considered  only  as  canals,  as  cords,  as  levers, 
as  lifeless  machines.  These  reasoners  never  looked  for 
any  powers  of  a  higher  order  than  the  cohesion,  the 
resistance,  the  gravity,  the  attraction,  which  operate  in 
inert  matter.  If  the  chemical  school  assimilated  the 
physician  to  a  vintner  or  brewer,  the  mechanical  physio- 
logists made  him  an  hydraulic  engineer;  and,  in  fSsict, 
several  of  the  iatromathematicians  were  at  the  same  time 
teachers  of  engineering  and  of  medicine. 

Several  of  the  reasoners  of  this  school  combined  che- 
mical with  their  mechanical  principles;  but  it  would 
throw  no  additional  light  upon  the  subject  to  give  any 
account  of  these,  and  I  shall  therefore  go  on  to  speak  of 
the  next  form  of  the  attempt  to  explain  the  processes  of 
life. 

*  Spr.,  v.,  223.         t  Mechanical  Account  of  Poifms,     1702. 
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Sect.  IV.  Tlie  Vital-Fluid  School. — I  speak  here,  not 
of  that  opinion  which  assumes  some  kind  of  fluid  or 
ether  as  the  means  of  communication  along  the  nerves  in 
particular,  but  of  the  hypothesis  that  all  the  peculiar 
functions  of  life  depend  upon  some  subtle  ethereal  sub- 
stance difiused  through  the  frame; — not  of  a  7iei*vous 
fluid,  but  of  a  vital  fluid.  Again,  I  distinguish  this 
opinion  from  the  doctrine  of  an  immaterial  vital  power  or 
principle,  an  animal  soul,  which  will  be  the  subject  of  the 
next  Section  :  nor  is  this  distinction  insignificant ;  for  a 
material  element,  however  subtle,  however  much  spiritual- 
ized, must  still  act  everywhere  according  to  the  same 
laws ;  wliereas  we  do  not  conceive  an  immaterial  spirit 
or  soul  to  be  subject  to  this  necessity. 

The  iatromathematical  school  could  explain  to  their 
own  satisfaction  how  motions  once  begun,  were  trans- 
ferred and  modified  ;  but  in  many  organs  of  the  living 
frame  there  seemed  to  be  a  power  of  beginning  motion, 
wliich  is  beyond  all  mere  mechanical  action.  This  led  to 
the  assumption  of  a  principle  of  a  higher  kind,  though 
still  material.  Such  a  principle  was  asserted  by  Frederick 
Hoffman,  who  was  born  at  Halle,  in  1660*,  and  became 
Professor  of  Medicine  at  the  newly-established  University 
there  in  1694.  According  to  himf,  the  reason  of  the 
greater  activity  of  organized  bodies  lies  in  the  influience 
of  a  material  substance  of  extreme  subtiUy,  volatility, 
and  energy.  This  is,  he  holds,  no  other  than  the  Ether, 
which,  difi^sed  through  all  nature,  produces  in  plants  the 
bud,  the  secretion  and  motion  of  the  juices,  and  is 
separated  from  the  blood  and  lodged  in  the  brain  of 
animals:]:.  From  this,  acting  through  the  nerves,  must 
be  derived  all  the  actions  of  the  organs  in  the  animal 
frame;  for  when  the  influence  of  the  nerve  upon  the 
muscle  ceases,  muscular  motion  ceases  also. 

*  Spr.,  v.  254.  t  Ih.,  y.  257- 
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The  mode  of  operation  of  this  vital  fluid  was,  how- 
6Ter,  by  no  means  steadily  apprehended  by  Hoffmann 
and  his  followers.  Its  operations  are  so  far  mechanical* 
that  all  effects  are  reduced  to  motion,  yet  they  cannot  be 
explained  according  to  known  mechanical  la^s.  At  one 
time  the  effects  are  said  to  take  place  according  to  laws 
of  a  Higher  Mechanics  which  are  still  to  be  discoTeredf- 
At  another  time,  in  complete  contradiction  of  the  genefral 
spirit  of  the  system,  metftphysical  conceptions  are  intro^ 
duced :  each  particle  of  the  vital  fluid  is  said  to  have  a 
determined  idea  of  the  whole  mechanism  and  organism  t* 
and  according  to  this,  it  forms  the  body  dnd  preserves  it 
by  its  inbtion.  By  means  of  this  fluid  the  soul  operates 
upon  the  body,  and  the  instincts  and  the  passions  have 
theit  source  in  this  material  sensitive  souL  This  attribu- 
tion of  ideas  to  the  particles  of  the  fluid  is  less  unaccount- 
able when  we  recollect  that  Something  of  the  same  kind 
is  admitted  into  Leibnitz's  system,  whose  monads  have 
als6  ideas. 

Notwithstanding  its  inconsistencies^  Hoffman's  system 
was  received  with  very  general  favour  both  in  Germany 
and  in  the  rest  of  Europe ;  the  more  so^  inasmuch  as  it 
fell  in  very  well  with  the  philosophy  both  of  Leibnitz 
and  of  Newton.  The  Newtonians  were  generally  inclined 
to  identify  the  ^tal  fluid  with  the  Ether,  of  which  their 
master  was  so  strongly  disposed  to  assume  the  existence : 
and  iiideed  he  himself  suggested  this  identification. 

When  the  discoveries  made  respecting  Electricity  in 
the  course  of  the  eighteenth  century  had  familiarized 
men  with  the  notion  of  a  pervading  Subtle  agents  invi- 
sible, intangible,  yet  producing  very  powerful  c^ffects  in 
every  part  of  nature,  physiologists  also  caught  at  the  sug- 
gestion of  such  an  agents  and  tried,  by  borrowing  or 
imitating  it,  to  aid  the  imperfection  of  their  notions  of 

•  8?*.,  V.  96i,  3.  f  Opp.^  vol.  V.  p.  123. 

t  Db  Dif.  Ihpan.  et  MeehdH.^  p.  81. 


8UCC£SSITE   BIOLOGICAL   HTPOTHESES.  23 

the  vital  powers.  The  Vital  Principle*  was  imagihed  to 
be  a  substance  of  the  same  kind,  by  soroe  to  be  the  same 
substance,  with  the  electric  fluid.  By  its  agency  all 
these  processes  in  organized  bodies  were  accounted  for 
which  cannot  be  ex])laiaed  by  mechanical  or  chemical 
laws,  as  the  Secretion  of  Tarious  matters  (tears^  milieu 
bile,  &c.)  from  an  homogeneous  fluids  the  blood ;  the 
production  of  animal  heat,  digestion,  and  the  like; 
According  to  John  Hunter,  this  attenuated  substance 
pervaded  the  blood  itself,  as  w^U  as  the  solid  organic 
frame ;  and  the  changes  which  take  place  in  the  blood 
which  has  flowed  out  of  the  veins  into  a  basin  are  ex-^ 
plaiiled  by  Sayiiig  that  it  is,  for  a  time,  till  this  vital  fluid 
evaporates,  truly  alive. 

The  notion  of  a  vital  fluid  appears  also  to  be  favour- 
ably looked  upon  by  Cuvier;  although  with  him  this 
doctrine  is  mainly  put  forwards  in  the  form  of  a  nervous 
fluid.  Yet  in  the  following  passage  he  extends  the 
operation  of  such  an  agent  to  all  the  vital  functions f. 
^  We  have  only  to  suppose  that  all  the  medullary  and 
nervous  parts  produce  the  nervous  agent,  and  that  they 
alone  conduct  it ;  that  is,  that  it  can  only  be  transmitted 
by  them,  and  that  it  is  changed  or  consumed  by  their  ac- 
tions. Then  everything  appears  simple.  A  detached  por- 
tioii  of  muscle  preserves  for  some  tinie  its  irritability,  on 
account  of  the  portion  of  nerve  which  always  adheres  to  it. 
The  sensibility  and  the  irritability  reciprocally  exhaust  each 
other  by  their  exercise,  because  they  change  or  consume 
the  same  ageht.  All  the  interior  motions  of  digestion, 
Secretion^  excretion,  participate  in  this  exhaustion;  or  may 
produce  it.  All  local  excitation  of  the  nerves  brings 
thither  more  blood  by  augmefating  the  irritability  of  the 
arteries,  and  the  afflux  of  blood  augments  the  real  sensi- 

«  PBlcdAto,  on  ihs  Doctrine  of  a  Vital  Prindph;  p.  12. 
t  Hiit.  Soi.  N<U.  dq>Hu  1789,  i.  314. 
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bility  by  augmenting  the  production  of  the  nervous  agent 
Hence  the  pleasures  of  titiilations,  the  pains  of  inflam- 
mation. The  particular  sensations  increase  in  the  same 
manner  and  by  the  same  causes;  and  the  imagination 
exercises,  (still  by  means  of  the  nerves,)  upon  the  internal 
fibres  of  the  arteries  or  other  parts,  and  through  them  on 
the  sensations,  an  action  analogous  to  that  of  the  ^rill 
upon  the  voluntary  motions.  As  each  exterior  sense  is 
exclusively  disposed  to  admit  the  substances  which  it  is 
to  perceive,  so  each  interior  organ,  secretory  or  other,  is 
also  more  excitable  by  some  one  agent  than  by  another : 
and  hence  arises  what  has  been  called  the  proper  sensv- 
bility  or  proper  life  of  the  organs ;  and  the  influence  of 
specifics  which  introduced  into  the  general  circulation 
affect  only  certain  parts.  In  fine,  if  the  nervous  agent 
cannot  become  sensible  to  us,  the  reason  is  that  all  sensa- 
tion requires  that  this  agent  should  be  altered  in  some 
way  or  other ;  and  it  cannot  alter  itself. 

'^  Such  is  the  summary  idea  which  m'o  may  at  present 
form  of  the  mutual  and  general  working  of  the  vital 
powers  in  animals." 

Against  the  doctrine  of  a  vital  fluid  as  one  uniform 
material  agent  pervading  the  organic  frame,  an  argument 
has  been  stated  which  points  out  extremely  well  the 
philosophical  objection  to  such  an  hypothesis*.  If  the 
vital  principle  be  the  same  in  all  parts  of  the  body,  how 
does  it  happen,  it  is  asked,  that  the  secretions  are  so 
different  ?  Pow  do  the  particles  in  the  blood,  separated 
from  their  old  compounds  and  united  into  new  ones, 
under  the  same  influence,  give  origin  to  all  the  different 
fluids  which  are  produced  by  the  glands?  The  liver 
secretes  bile,  the  lacrymal  gland  tears,  and  so  on.  Is  the 
vital  principle  different  in  all  these  organs  ?  To  assert 
this,  is  to  multiply  nominal  principtes  without  limit»  and 

*  Prichard,  em  a  Vital  PHncipU^  p.  96. 
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without  any  advance  in  the  explanation  of  facts.  Is  the 
vital  principle  the  same,  but  its  operation  modified  by 
the  structure  of  the  organ  ?  We  have  then  two  unknown 
causes,  the  vital  principle  and  the  organic  structure,  to 
account  for  the  effect.  By  such  a  multiplication  of 
hypotheses  nothing  is  gained.  We  may  as  well  say  at 
once,  that  the  structure  of  the  organ,  acting  by  laws  yet 
unknown,  is  the  cause  of  the  peculiar  secretion.  It  is 
as  easy  to  imagine  this  structure  acting  to  produce  the 
whole  effect,  as  it  is  to  imagine  it  modifying  the  activity 
of  another  agent.  Thus  the  hypothesis  of  the  vital  fluid  in 
this  form  explains  nothing,  and  does  not  in  any  way  help 
onwards  the  progress  of  real  biological  knowledge. 

The  hypothesis  of  an  inunaterial  vital  principle  must 
now  be  consideied. 

Sect.  V.  I'lie  Psychical  School. — The  doctrine  of  an 
animal  soul  as  the  principle  which  makes  the  operations 
of  organic  different  from  those  of  inorganic  matter,  is  quite 
distinct  from,  and  we  may  say  independent  of,  the 
doctrine  of  the  soul  as  the  intelligent,  moral,  responsible 
part  of  man's  nature.  It  is  the  former  doctrine  alone  of 
which  we  have  here  to  speak,  and  those  who  thus  hold 
the  existence  of  an  immaterial  agent  as  the  cause  of  the 
phenomena  of  life,  I  term  the  Psychical  School. 

Such  a  view  of  the  constitution  of  living  things  is 
very  ancient.  For  instance,  Aristotle's  Treatise  "  on  the 
Soul^*^  goes  entirely  upon  the  supposition  that  the  soul  is 
the  cause  of  motion,  and  he  arrives  at  the  conclusion  that 
there  are  different  parts  in  the  soul ;  the  nutritive  or 
vegetalivej  the  sensitive^  and  the  rational''^. 

But  this  doctrine  is  more  instructive  to  us,  when  it 
appears  as  the  antagonist  of  other  cpinions  concerning 
the  nature  of  life.  In  this  form  it  comes  before  us  as 
promulgated  by  Stahl,  whom  we  have  already  noticed  as 

•  Arist.  TLtpi  *i;x5ff.  ii*  2. 
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diiiB  of  the  gl^eat  discdtferefS  in  fchemistfjr.     Bbtti  in  the 
i^flme  year  as  Hoffman,  and  appointed  at  hid  dU^gestiOil 
professor  at  the  eaiiie  time  in  the  same  new  univfeiTSity  of 
Hall^,  he  Soon  published  a  rival  phyrtolbgieal  theory.     In 
a  letter  to  Ldcas  Schrockj  the  president  of  the  Afeadiftlny 
«f  Naturalists,  he  describes  the  manner  in  which  he  trai 
led  16  form  a  system   for  himself*.     EducHted  in  the 
tenets  of  Sylvius  and  Willis,  according  to  which  all  dis^ 
eased  are  derived  ftom  the  acidity  of  the  fluids,  Stahl^  when 
a  young  student,  often  wondered  how  these  fluids,  so  liabte 
tb  be  polluted  and  corrupted,  are  so  wonderfully  presei*^ed 
through  iritlumerable  external  influences,  and  seem  to  be 
far  less  affected  by  these  than  by  age,  constitution,  pAfh 
sioii.     No  material  cauSe,  could,  he  thought,  produce  such 
effects.     No  attention  to  mechanism  or  chemistry  altiue 
iould  teach  its  the  true  nature  and  laws  of  organization. 
8b  far  as  Stahl  recogiiised  thte  influence;  in  living 
bodieSj  of  something  beyond  the  range  of  mechanic^  and 
chemistry,  there  can  be  no  doubt  of  the  sound  philosophy 
of  his  tiews ;  but  when  he  proceeds  to  found  a  positive 
system  6f  physiology,  his  tenets  become  more  precarioiUS; 
The  basis  ttf  his  theory  is  thisf:  the  body  has,  as  body; 
no   power  to  move   itself,  and  must  always  be  put  ih 
motion  by  imtnaterial  substances.     All  motion  is  a  dpi^i 
ritual  act|.     The  source  of  all  itctivity  in  the  organic 
bbdy,  from  which  its  preservation,  the  permanency  of  itd 
eomposition,  ahd  all  its  other  functions  proceed,  is  an 
immaterial  being,  which  Btahl  calls  the  Soul;  becaude^ 
Sis  he  sayd,  when  the  effects  are  dO  siitiilar,  he  '^ill  not 
multiply  powers  without  necessity.     Of  this  principle,  hd 
says,  as  the  Hippocratians  6aid  of  Nature,  that  "  it  does 
tfithdut  teaching  what  it   ought  to  do  J,"  and  ibed  it 
**  without  consideration  ||."     These  ancient  tenets  StUbl 

*  Spb.,  v.  S03.  +  n.,  V.  308.  t  /*.,  V.  814. 
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interprets  in  such  a  manner  that  eveh  the  inybluntary 
motions  proceed  from  the  sciul>  though  vdtbout  reflection 
or  clear  consciousness.  It  is  indeed  evident,  that  there 
are  many  custoniarj  motions  and  tensatidns  which  are 
{^fectljr  rational,  yet  not  the  objects  of  distinct  conscious- 
ness :  tod  thus  instinctiye  motions,  and  those  of  ^i^hieh 
we  Are  quite  unconscious,  may  still  be  connected  with 
reason.  Tbe  question^  which  in  this  Tieit  offer  tbemSelvesi 
as,  how  the  soul  passes  from  tbe  mother  to  the  child» 
he  dismisses  as  unprofitable*.  He  considers  nutrition 
an4  secretion  as  tbe  work  of  the  soul.  The  corpuscular 
theory  and  the  doctrine  of  animal  spirits  are»  he  rightly 
observes,  merei  hypotheses^  which  are  arbitrary  in  their 
character,  and  only  shift  the  difficulty.  For^  if  the  ani* 
mal  spirits  are  not  matter,  how  can  they  explain  the 
action  bf  an  immaterial  substance  on  the  body ;  and  If 
they  are  mattel*,  how  are  they  themselves  acted  bti  ? 

This  doctrine  of  the  action  of  the  soul  on  the  body^ 
was  accepted  by  mahy  persons,  especially  by  the  iatro^ 
mathetnaticiansj  who  could  not  but  feel  the  insufficiency 
of  their  system  without  some  such  supplement :  such 
were  Cheyne  and  Mtod.  In  Germany,  Btahl's  disciples 
in  physiology  were  for  the  most  part  inconsiderable  per- 
i^oiisf.  Several  Englishmen  who  speculated  concerning 
the  metaphysics  as  well  as  the  physiology  of  Sensation 
and  Motion,  inclined  to  this  psychical  view,  as  Porterfield 
and  Whytt.  Among  the  French,  Boissier  de  Sauvages 
was  the  most  zealous  defender  of  the  Stahliaii  system. 
Actions,  he  says^^  which  belong  to  the  pi*eservation  of 
life  are  determined  by  a  moral  not  a  mechanical  neces* 
sity;     They  proceed  from  the  soul,  but  cannot  be  con- 

♦  This  was  of  course  an  obvious  problem.  Harvey,  On  Generation^ 
Exercise  37,  p.  148,  teaches,  ^'  I'hat  the  egg  is  not  the  productioh  6t 
ihe  ^oinb,  biit  of  the  sdnl." 

t  Sf».,  v.  339,  &c.  t  lb.,  368. 
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trolled  by  it,  as  tbe  starting  from  fear,  or  the  trembling 
at  danger.  Unzer,  a  physician  at  Altona*,  was  also  a 
philosophical  Stahlianf. 

We  need  not  dwell  on  the  opposition  which  was 
offered  to  this  theory,  first  by  Hoffman,  and  ILfterwards 
by  Haller.    The  former  of  these  had  promulgated,  as  we 
have  seen,  the  rival  theory  of  a  nervous  fluid,  the  latter 
was  the  principal  assertor  of  the  doctrine  of  irritability, 
an  important  theory  on  which  we  may  afterwards  have  to 
touch.    Haller's  animosity  against  the  Stahlian  hypothesis 
18  a  remarkable  feature  in  one  who  is'in  general  so  tol^ 
rant  in  his  judgment  of  opinions.     His  arguments  are 
taken  from  the  absence  of  the  control  of  the  will  ov^ 
the  vital  actions,  from  the  want  of  consciousness  accom-* 
panying  these  actions,  from  the  uniformity  of  them  in  dif- 
ferent conditions  of  the  mind,  and  from  the  small  sensi- 
bility of  the  heart  which  is  the  source  of  the  vital  actions. 
These  objections,  and  the  too  decided  distinction  which 
Haller  made  between  voluntary  and  involuntary  rouscle8> 
were  very  satisfactorily  answered  by  Whytt  and  Platner. 
In  particular,  it  was  urged  that  the  instinctive  actions  of 
brutes  are  inexplicable  by  means  of  mechanism,  and  may 
be   compared  with   the   necessary  vital   actions  of  the 
human  body.     Neither  kind  are  accidental,  neither  kind 
are  voluntary,  both  are  performed  without  reflection. 

Without  tracing  further  the  progress  of  the  psychical 
doctrine,  I  shall  borrow  a  few  reflections  upon  it  from 
Sprengelt: — 

"  When  the  opponents  of  the  Stahlian  system  repeat 
incessantly  that  the  assumption  of  a  psychical  cause  in 
corporeal  effects  is  a  metaphysical  speculation  which  does 
not  belong  to  medicine,  they  talk  to  no  purpose.  The 
states  of  the  soul  are  objects  of  our  internal  experience, 
and  interest  the  physician  too  nearly  to  allow  him  to 

♦ad.  1799.  t  Spr.  v.  360.  }  /^.  383. 
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neglect  them.  The  innumerable  unconscious  efforts  of 
the  soul,  the  powerful  and  dailj  effects  of  the  passions 
upon  the  body,  too  often  put  to  confusion  those  who 
would  expel  into  the  region  of  metaphysics  the  disposi- 
tions of  the  mind.  The  connexion  of  our  knowledge  of 
the  soul,  as  gathered  from  experience,  with  our  know- 
ledge of  the  human  body,  is  far  closer  than  the  mechar 
nical  and  chemical  physiologists  suspect. 

''The  strongest  objection  against  the  psychical  sys- 
tem, and  one  which  has  never  been  sufficiently  answered 
by  any  of  its  advocates,  is  the  universality  of  organic 
effects  in  the  vegetable  kingdom.  The  comparison  of 
the  physiology  of  plants  with  the  physiology  of  animals 
puts  the  latter  in  its  true  light.  Without  absolutely 
trifling  with  the  word  sotdt  we  cannot  possibly  derive 
from  a  soul  the  organic  operations  of  vegetables.  But 
just  as  little  can  we,  as  some  Stahlians  have  done,  draw 
a  sharp  line  between  plants  and  animals,  and  ascribe  the 
processes  of  the  former  to  mere  mechanism,  while  we 
derive  the  operations  of  the  latter  from  an  intellectual 
principle.  Not  to  mention  that  such  a  line  is  not  pos- 
sible, the  rise  of  the  sap  and  the  alteration  of  the  fluids 
of  plants  cannot  be  derived  entirely  from  material  causes 
as  their  highest  origin." 

Thus»  I  may  add,  this  psychical  theory,  however  diffi- 
cult to  defend  in  its  detail,  does  in  its  generalities  e;cpte8S 
some  important  truths  respecting  the  vital  powers.  It 
not  only,  like  the  last  theory,  gives  unity  to  the  living 
body,  but  it  marks,  more  clearly  than  any  other  theory, 
the  wide  interval  which  separates  mechanical  and  che- 
mical from  vital  action,  and  fixes  our  attention  upon  the 
new  powers  which  the  consideration  of  life  compels  us  to 
assume.  It  not  only  reminds  us  that  these  powers  are 
elevated  above  the  known  laws  of  the  material  world,  but 
also  that  they  are  closely  connected  with  the  world  of 
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thought  and  feeling,  with  will  and  reason ;  and  thns  it 
carries  us  in  a  manner  in  which  none  of  the  preceding 
theories  have  done,  to  a  true  conception  of  a  livingt 
conscious,  sentient,  active  individual. 

At  the  same  time  we  cannot  but  allow  that  the  life 
of  plants  and  of  the  lower  orders  of  animals  shows  us  very 
dearly  that,  in  order  to  arrive  at  any  sound  and  consistent 
knowledge  respecting  life,  we  must  form  some  conception 
of  it  from  which  all  the  higher  attributes  which  the  term 
^*  soul "  involves,  are  utterly  and  carefully  excluded ;  and 
therefore  we  cannot  but  come  to  the  conclusion  that  the 
psychical  school  are  right  mainly  in  this ;  that  in  ascrib- 
ing the  functions  of  life  to  a  soul,  they  mark  strongly  and 
justly  the  impossibility  of  ascribing  them  to  any  known 
attributes  of  body. 


Chapter  III. 
ATTEMPTS  TO  ANALYSE  THE  IDEA  OF  LIFE. 

1.  Definitions  of  Life. — We  have  seen  in  the  pre- 
ceding chapter  that  all  attempts  to  obtain  a  distinct  con- 
ception of  the  nature  of  Life  in  general  have  ended  in 
failure,  and  produced  nothing  beyond  a  negative  result. 
And  the  conjecture  may  now  naturally  occur,  that  the 
cause  of  this  failure  resides  in  an  erroneous  mode  of  pro- 
pounding to  oqrselves  the  problem.  Instead  of  contem- 
plating Life  as  a  single  Idea,  it  may  perhaps  be  proper  to 
separate  it  into  several  component  notions:  instead  of 
seeking  for  one  cause  of  all  vital  operations,  it  may  be 
well  to  look  at  the  separate  vital  functions,  and  to.  seek 
their  causes.  When  the  view  of  this  possibility  opens 
upon  us,  how  shall  we  endeavour  to  verify  it,  and  to 
take  advantage  of  it  ? 
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l^t  ii9y  a$  ope  obvious  course,  take  some  of  the 
att;eii]pt;8  which  have  been  made  to  define  Life,  and  let  us 
$00  whether  they  appear  to  offer  to  us  any  analysis  of  the 
id^a  into  component  parts.  Such  definitions,  when  thejr 
proceed  Irpm  men  of  philosophical  minds,  are  the  ulti- 
mate result  pf  a  long  course  of  thought  and  observation ; 
and  by  no  means  deserve  to  be  slighted  as  arbitrary  selec- 
tions of  conditions,  or  empty  forms  of  words. 

2.  Life  has  been  defined  by  Stahl*,  *<The  con- 
dition by  which  a  body  resists  a  natural  tendency  to  che- 
mical changes,  such  as  putrefaction."  In  like  manner, 
M.  von  Humboldt  t  defines  living  bodies  to  be  '^  those 
which,  notwithstanding  the  constant  operation  of  causes 
tending  to  change  their  form,  are  hindered  by  a  certain 
inward  power  from  undergoing  such  change.^'-  The  first 
of  these  definitions  amounts  only  to  the  assertion,  that 
vital  processes  are  not  chemical ;  a  negative  result,  which 
we  may  accept  as  true,  but  which  is,  as  we  have  seen,  a 
barren  truth.  The  second  appears  to  be,  in  its  import, 
identical  with  the  first.  An  inward  principle  can  only 
be  understood  as  distinguished  from  known  external 
powers,  such  as  mechanical  and  chemical  agencies.  Or 
if,  by  an  internal  principle,  we  mean  such  a  prmciple  as 
that  of  which  we  are  conscious  within  ourselves,  we 
ascribe  a  soul  to  all  living  things:  an  hypothesis  which 
we  have  seen  is  not  more  effective  than  the  former  in 
promoting  the  progress  of  biological  science.  Nearly  the 
same  ariticism  applies  to  such  definitions  as  that  of  Kant : 
that  PLife  is  an  internal  faculty  producing  change, 
motion,  and  action." 

Ot)ier  deQnition^  refpr  us,  not  to  gomp  property 
residing  in  the  whole  of  an  organized  mass,  but  to  the 
eonnexion  and  relation  of  its  parts.     Thus  M.  von  Hum- 

*  Treviranub.  Biologie^  p.  19.    Stahlii,  Tkeor.  If^.,  p.  854. 
t  Apkoritmfn  aui  fl,  CJum,  Phyiiol.  dw  j^hnzm^  8. 1. 
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boldt*  has  given  another  definition  of  a  living  body: 
that  "  it  is  a  whole  whose  parts,  arbitrarily  separated,  lio 
longer  resist  chemical  changes."  But  this  additional 
assertion  concerning  the  parts,  adds  nothing  of  any  value 
to  the  definition  of  the  whole.  And  in  some  of  the  lower 
kinds  of  plants  and  animals  it  is  hardly  true  as  a  fact 

3.  Another  definition  f  places  the  character  of  Life  in 
"motions  serviceable  to  the  body  moved."  To  this  it 
has  been  objected  t,  that,  on  this  definition,  the  earth  and 
the  planets  are  living  bodies.  Perhaps  it  would  be  more 
philosophical  to  object  to  the  introduction  of  so  looee  a 
notion  as  that  of  a  property  being  set'viceable  to  a  body. 
We  might  also  add,  that  if  we  speak  of  all  vital  func- 
tions as  motions^  we  make  an  assumption  quite  unautho- 
rized, and  probably  false. 

Other  definitions  refer  the  idea  of  Life  to  the  idea  of 
Organization. '  "  Life  is  the  activity  of  matter  according 
to  laws  of  organization  f."  We  are  then  naturally  led  to 
ask  M'hat  is  Organization.  In  reply  to  this  is  given  us 
the  Kantian  definition  of  Organization,  which  I  have 
already  quoted  elsewhere [|,  "An  organized  product  of 
nature  is  that  in  which  all  the  parts  are  mutually  ends 
and  means^."  That  this  definition  involves  exact  fun- 
damental ideas,  and  is  capable  of  being  made  the  basis  of 
sound  knowledge,  I  shall  hereafter  endeavour  to  show. 
But  I  may  observe  that  such  a  definition  leads  us  some- 
what further.  If  the  parts  of  organized  bodies  are  known 
to  be  means  to  certain  ends,  this  must  be  known  because 
they  fulfil  these  ends,  and  produce  certain  effects  by  the 
operation  of  a  certain  cause  or  causes.  The  question  then 

*   Versttche  iiber  die  gereitzU  Muskd  und  Nervenfaier^   book  ii.| 
p.  433, 

t  Errard.  ROschlaub's  Magazm  der  Heilkunde^  b.  i.,  et.  1,  p.  69. 

X  TiiEViRANUs,  BiologUy  p.  41. 

§  ScHMiD,  Phynoloffie^  b.  ii.,  p.  274. 

II  Hut.  Ind.  Set.,  iii.  470.  T  Kant,  UriheUthraft,  p.  296. 
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recurs,  what  is  the  cause  which  produces  such  effects  as 
take  place  in  organized  or  living  bodies  ?  and  this  is  iden-* 
tical  with  the  problem  of  which  in  the  last  chapter  we 
traced  the  history^  and  related  the  failure  of  physiologists 
in  all  attempts  at  its  solution. 

4.  But  what  has  been  just  said  suggests  to  us 
that  it  may  be  an  improvement  to  put  our  problem  in 
another  shape:  not  to  take  for  granted  that  the  cause 
of  all  vital  processes  is  one,  but  to  suppose  that  there 
may  be  several  separate  causes  at  work  in  a  living  body. 
If  this  be  so,  life  is  no  longer  one  kind  of  activity,  but 
several.  We  have  a  number  of  operations  which  are 
somehow  bound  together,  and  life  is  the  totdity  of  all 
these :  in  short,  life  is  not  one  function,  but  a  system  of 
functions. 

5.  We  are  thus  brought  very  near  to  the  celebrated 
definition  of  life  given  by  Bichat* :  *'  Life  is  the  sum  of 
the  fimctions  by  which  death  is  resisted."  But  upon  the 
definition  thus  stated,  we  may  venture  to  observe ; — ^first, 
that  the  introduction  of  the  notion  of  death  in  order  to 
define  the  notion  of  life  appears  to  be  unphilosophical. 
We  may  more  naturally  define  death  with  reference  tp 
life,  as  the  cessation  of  life ;  or  at  least  we  may  consider 
life  and  death  as  correlative  and  interdependent  notions. 
Again,  the  word  "  sum,"  used  in  the  way  in  which  it  here 
occurs,  appears  to  be  likely  to  convey  an  erroneous  con- 
ception, as  if  the  functions  here  spoken  of  were  simply 
added  to  each  other,  and  connected  by  co-existence.  It 
is  plain  that  our  idea  of  life  involves  more  than  this :  the 
functions  are  all  clearly  connected,  and  mutually  depend 
on  each  other;  nutrition,  circulation,  locomotion,  repro- 
duction, each  has  its  influence  upon  all  the  others. 
These  functions  not  merely  co-exist,  but  exist  with  many 
mutual  relations  and  connexions ;  they  are  continued  so 

*  Physiological  Eeiearchei  on  Life  and  Death. 

VOL.  n.  i> 
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M  to  farm,  not  merely  a  sumy  but  a  sjfstem.  And  thtis 
i¥e  are  led  to  modify  Bichat's  definition,  and  to  aay  that 
Life  is  the  system  of  vital  functions, 

6.  But  it  will  be  objected  that  by  such  a  definition 
we  explain  nothing :  the  notion  of  vital  functions^  it  may 
be  said,  involves  the  idea  of  life^  and  thus  brings  us  round 
again  to  our  starting  point.  Or  if  not,  at  least  it  is  ai 
necessary  to  define  Vital  Functions  as  to  define  Life  itself, 
so  that  we  have  made  little  progress  in  our  task. 

To  this  we  reply,  that  if  any  one  seeks,  upon  sueh 
subjects,  some  ultimato  and  independent  definition  from 
which  he  can,  by  mere  reasoning,  deduce  a  series  of  con- 
clusions, he  seeks  that  which  cannot  be  found.  In  the 
Inductive  Sciences,  a  definition  does  not  form  the  basis 
of  reasoning,  but  points  out  the  course  of  investlgatioti. 
The  definition  must  include  words ;  and  the  meaning  of 
these  words  must  be  sought  in  the  progress  and  results 
of  observations,  as  I  have  elsewhere  said*.  "  The  meaning 
of  words  is  to  be  sought  in  the  progress  of  thought ;  the 
history  of  science  is  our  dictionary ;  the  steps  of  seientifie 
induction  are  oiir  definitions.**  It  will  appear,  I  think, 
that  it  is  more  easy  for  us  to  form  an  idea  of  a  separate 
Fimction  of  the  animal  frame,  as  Nutrition  or  Beprodue- 
tion,  than  to  comprehend  Life  in  general  under  any  single 
idea.  And  when  we  say  that  Life  is  a  system  of  Vital 
Functions,  we  are  of  course  directed  to  study  these  funo- 
tions  separately,  and  (as  in  all  other  subjects  of  scientific 
research)  to  endeavour  to  form  of  them  such  clear  and 
defiitite  ideas  as  may  enable  us  to  discover  their  laws. 

7.  The  view  to  which  we  are  thus  led,  of  the  most 
promising  mode  of  conducting  the  researches  of  biology, 
is  one  which  the  greatest  and  most  philosophical  physio- 
logists of  modem  times  have  adopted.  Thus  Cuvier 
considers  this  as  the  true  oflice  of  physiology  at  present 

«  Sut.  Ind.  SeL,  in.  100. 
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^  It  bblongs  to  modem  times,''  he  say?,  *^  to  form  a  just 
elaasification  of  the  vital  phenomena;  the  task  of  the 
present  time  is  to  analyse  the  forces  which  belong  to 
each  organic  element,  and  upon  the  zeal  and  activity 
which  are  given  to  this  task  depends,  according  to  my 
judgment,  the  fortune  of  physiology*."  This  classifica- 
tion of  the  phenomena  of  life  involves,  of  course,  a  dis^ 
tinction  and  arrangement  of  the  vital  functions ;  and  the 
investigation  of  the  powers  by  which  these  functions  are 
carried  on,  is  a  natural  sequel  to  such  a  classification. 

8.  damjications  of  Functions. — ^Attempts  to  classify 
the  vital  functions  of  man  were  made  at  an  early  period, 
and  have  been  repeated  in  great  number  up  to  modem 
times.  The  task  of  classification  is  exposed  to  the  same 
difficulties,  and  governed  by  the  same  conditions,  in  this 
as  in 'other  subjects.  Here,  as  in  the  case  of  other  things^ 
there  may  be  many  classifications  which  are  moderately 
good  and  natural,  but  there  is  only  one  which  is  the  best 
and  the  true  natural  system.  Here,  as  in  other  cases^ 
one  classification  brings  into  view  one  set  of  relations ; 
another,  another ;  and  each  may  be  valuable  for  its  spe- 
cial purpose.  Here,  as  in  other  cases,  the  classes  may  be 
well  constituted,  though  the  boundary  lines  which  divide 
ihem  be  somewhat  indistinct,  and  the  order  doubtful. 
Here,  as  in  other  case%  we  may  have  approached  to  the 
natural  classification  without  having  attained  it ;  and  here, 
as  in  other  cases^  to  define  our  classes  is  the  last  and 
hardest  of  our  problems. 

The  most  ancient  classification  of  the  Functions  of 
living  thiagsf,  is  the  diidsion  of  them  into  VitaU  Natural 
and  Animak  The  Vitol  Functions  are  those  which  can- 
not be  interrupted  without  loss  of  life,  as  Circulation^ 
lUipiraHon^  and  Nervous  Communication.    The  Natural 

•  Hist.  So.  Nat.  dep.  1789,  i.  218. 
t  Diet.  de$  Seiencei  Nat.^  art.  Fonctions. 
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Functions  are  those  which  without  the  intervention  of 
the  will  operate  on  their  proper  occasions  to  preserve 
the  bodies  of  animals;  they  are  Digestion^  AbsorptiaUi 
Nutrition ;  to  which  was  added  Generation.  The  Animd 
Functions  are  those  which  involve  perception  and  wilt 
by  which  the  animal  is  distinguished  from  the  vegetable; 
Ihey  are  Sensibility^  Locomotion^  and  Voice. 

The  two  great  grounds  of  this  division,  the  distinction 
of  functions  which  operate  continually,  and  those  which 
operate  occasionally ;  and  again,  the  distinction  of  func* 
tions  which  involve  sensation  and  voluntary  motion  from 
those  which  do  not,  are  really  of  fundamental  import- 
ance, and  gave  a  real  value  to  this  classification.  It 
was,  however,  liable  to  obvious  objections :  tiamely,  Fir$U 
that  the  names  of  the  classes  were  ill  chosen ;  for  all  ibfi 
functions  are  natural,  all  are  vital:  Second^  that  tbo 
lines  of  demarcation  between  the  classes  are  obscure  and 
vague ;  Respiration  is  a  vital  function,  as  being  continu* 
ally  necessary  to  life ;  but  it  is  also  a  natural  function^ 
«ince  it  concurs  in  the  formation  of  the  nutritive  fluids 
^nd  an  animal  function,  since  it  depends  in  part  on  the 
will.  But  these  objections  were  not  fatal,  for  a  classic 
fication  may  be  really  sound  and  philosophical,  though 
its  boundary  lines  are  vague,  and  its  nomenclature  ill 
fleeted.  The  division  of  the  functions  we  have  men* 
tioned  kept  its  ground  long;  or  was  employed  with  a 
subdivision  of  one  class,  so  as  to  make  them  four;  the 
vitaly  natural^  animal  and  sejmal  functions. 

10.  I  pass  over  many  intermediate  attempts  to  clas^ 
sify  the  functions,  and  proceed  to  that  of  Bichat  as  that 
which  is,  I  believe,  the  one  most  generally  assented  to  in 
modern  times.  The  leading  principle  in  the  scheme  of 
this  celebrated  physiologist  is  the  distinction  between 
organic  and  animal  life.  This  separation  is  nearly  iden- 
tical with  the  one  just  noticed  between  the  vital  and 
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animal  ifunctions ;  bnt  Bichat,  by  the  contrasts  which  he 
pointed  out  between  these  classes  of  functions,  gave  a 
decided  prominence  and  pennanence  to  the  distinction. 
The  Organic  Life,  which  in  animals  is  analogous  to  the 
life  of  vegetables,  and  the  Animal  Life,  which  implies 
sensation  and  voluntary  motion,  have  each  its  system  of 
organs.  The  centre  of  the  animal  life  is  the  brain,  of  the 
organic  life,  the  heart.  The  former  is  carried  on  by  a 
symmetrical,  the  latter,  by  an  unsymmetrical  system  of 
organs  :  the  former  produces  intermitting,  the  latter  con- 
tinuous  actions :  and,  in  addition  to  these,  other  differ* 
ences  are  pointed  out.  This  distinction  of  .the  two  lives^ 
being  thus  established,  each  is  subdivided  into  two  orders 
of  Functions.  The  Animal  Functions  are  passive,  as 
Sensation:  or  active,  as  Locomotion  and  Voice;  again,  the 
Organic  Functions  are  those  of  composition,  which  are 
concerned  in  taking  matter  into  the  system,  Digestion^ 
Absorption^  Respiration^  Circulaiion^  Assimilation;  and 
those  of  decomposition,  Avhich  reject  the  materials  when 
they  have  discharged  their  office  in  the  system,  and  these 
are  again.  Absorption^  Circulation^  and  Secretion.  To  these 
are  added  Calorificaiiony  or  the  production  of  animal  heat. 
It  appears,  from  what  has  been  said,  that  Absorption  and 
Circulation^  (and  we  may  add  Assimilation  and  Secretion^ 
which  are  difficult  to  separate,)  belong  alike  to  the  pro^ 
cesses  of  composition  and  decomposition;  nor  in  truth, 
can  we,  with  any  rigour,  separate  the  centripetal  and 
centrifugal  movements  in  that  vortex  which,  as  we  shall 
see,  is  an  apt  image  of  organic  life. 

Several  objections  have  been  made  to  this  classifica- 
tion ;  and  in  particular,  to  the  terms  thus  employed.  It 
has  been  asserted  to  be  a  perversion  of  language  to  ascribe 
to  animals  two  lives^  and  to  call  the  higher  faculties  in 
man,  perception  and  volition,  the  animal  fiinctions.  But, 
as  we  have  already  said,  when  a  classification  is  really 
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good,  such  objections,  which  bear  only  upon  the  mode  in 
which  it  is  presented,  are  by  no  means  fatal :  and  it  is 
generally  acknowledged,  by  all  the  most  philosophieal 
cultivators  of  biology,  that  this  arrangement  of  the  func- 
tions is  better  suited  to  the  purposes  of  the  science  than 
those  which  preceded  it. 

11.  But  according  to  the  principles  which  we  have 
already  laid  down,  the  solidity  of  such  a  classification  is 
to  be  verified  by  its  serving  as  a  useful  guide  in  biological 
researches.  If  the  arrangement  which  we  have  explained 
be  really  founded  in  natural  relations,  it  will  be  found  that 
in  proportion  as  physiologists  have  studied  the  separate 
functions  above  enumerated,  their  ideas  of  these  functions, 
Mid  of  the  powers  by  which  they  are  carried  on,  have 
become  more  and  more  clear; — ^have  tended  more  and 
more  to  the  character  of  exact  and  rigorous  science. 

To  examine  how  far  this  has  been  the  case  with 
regard  to  all  the  separate  functions,  would  be  to  attempt 
to  estimate  the  value  of  all  the  principal  physiological 
speculations  of  modem  times ; — ^a  task  far  too  vast  and 
too  arduous  for  any  one  to  undertake  who  has  not  devoted 
his  life  to  such  studies.  But  it  may  properly  come  within 
the  compass  of  our  present  plan  to  shew  how,  with  regard 
to  the  broader  lines  of  the  above  classification,  there  has 
been  such  a  progress  as  we  have  above  described,  from 
more  loose  and  inaccurate  notions  of  some  of  the  vital 
functions  to  more  definite  and  precise  ideas.  This  I 
shall  attempt  to  point  out  in  one  or  two  instances. 
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AMfeMfTS  TO  FORM  IDEAS  OP  SEPARAl?E  VlTAt 
i^ORCES,  AND  FIRST  OF  ASSIMILATION 

AND  SECRETION. 

Sect.  L  Course  of  Biological  Researdi. 

1.  It  is  to  be  obseired  that  at  present  I  do  not  speak 
of  the  progress  of  our  knowledge  with  regard  to  the  de«' 
tail  of  the  processes  which  take  place  in  the  human  body^ 
but  of  the  approach  made  to  some  distinct  idea  of  the 
specially  vital  part  of  each  process.  In  the  History  of 
Physiology,  it  has  been  seen*  that  all  the  great  discoveries 
made  respecting  the  organs  and  motions  of  the  animal 
frisime  have  been  followed  by  speculations  and  hypotheses 
connected  with  such  discoveries.  The  discovei7  of  thd 
circulation  o^  the  blood  led  to  theories  of  animal  heat  ( 
the  discovery  of  the  motion  of  the  chyle  led  to  theories 
of  digesticm ;  the  close  examination  of  the  process  of  re^ 
production  in  plants  and  animals  led  to  theories  of  gene* 
ration.  In  all  these  cases^  the  discovery  brought  to  light 
some  portion  of  the  process  which  was  mechaniibal  ot 
chemical,  but  it  also^  in  each  instance,  i^erved  to  sho*^ 
that  the  process  was  something  more  than  mechanical  tt 
chemical.  The  theory  attempted  to  explain  the  process 
by  the  application  of  known  causes;  but  there  always 
remained  some  part  of  it  which  must  unavoidably  bd 
referred  to  an  unknown  cause.  But  though  unknown, 
such  a  cause  was  not  a  hopeless  object  of  study.  As  the 
vital  fonctions  became  better  and  better  understood,  it 
was  seen  more  and  more  clearly  at  what  precise  points  of 
the  process  it  wad  necessary  to  assume  a  pectdiar  vital 
energy,  and  what  sort  of  properties  this  energy  must  be 
6Meeited  to  possess.     It  was  perceived  where^  in  What 

*  Bin.  Ind.  Set.,  iii.,  40^. 
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manner,  in  what  degree,  mechanical  and  chemical  agen- 
cies were  modified,  oyemiled,  or  counteracted,  by  agencies 
which  must  be  hyper-mechanical  and  hyper*diemie&l. 
And  thus  the  discoveries  made  in  anatomy  by  a  iabaridas 
examination  of  facts,  pointed  out  the  necessity  of  intn>-> 
ducing  new  ideas,  in  order  that  the  focts  might  be  intd- 
ligible.  Observation  taught  much;  and  among  other 
things,  she  taught  that  there  was  something  which  ooold 
not  be  observed,  but  which  must,  if  possible,  be  con- 
ceived.    I  shall  notice  a  few  instances  of  this. 

Sect,  n.  Attempts  to  fof*m  a  distinct  Cancq^tion  of 
Assimilation  and  Secretion. 

2.  The  Ancients, — ^That  plants  and  animals  grow  by 
taking  into  their  substance  matter  previously  extraneous, 
is  obvious  to  all ;  but  as  soon  as  we  attempt  to  conceive 
this  process  distinctly  in  detail,  we  find  that  it  involves 
no  inconsiderable  mystery.  How  does  the  same  food 
become  blood  and  flesh,  bone  and  hair?  Perhaps  the 
earliest  attempt  to  explain  this  mystery,  is  that  record(3d 
by  Lucretius*  as  the  opinion  of  Anaxagoras,  that  food 
contains  some  bony,  some  fleshy  particles,  some  of  blood, 
and  so  on.  We  might,  on  this  supposition,  conceive  that 
the  mechanism  of  the  body  appropriates  each  kind  of 
particle  to  its  suitable  place. 

But  it  is  easy  to  refute  this  essay  at  philosophiang 
(as  Lucretius  refutes  it)  by  remarking  that  we  do  not 
find  milk  in  grass,  or  blood  in  fruit,  though  such  foo4 
gives  such  products  in  cattle  and  in  men.  In  oppositioA 
to  this  **  Homoiomereia,"  the  opinion  that  is  forced  upon 
us  by  the  facts  is,  that  the  process  of  nutrition  is  not  a 
selection  merely,  but  an  assimilation ;  the  organized  sys- 
tem does  not  Jindi  but  makcy  the  additions  to  its  structure. 

3.  Btiffhn. — ^This  notion  of  assimilatiofi  may  be  vari- 
ously expressed  and  illustrated;  and  all  that  we  can  do 

*  LucR.,  i.  855.    29fiuic  et  Anucagone  scnitexuur  ^/uNo/ic/Kiay. 
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here,  in  order  to  show  the  progress  of  thought,  is  to  ad- 
duce the  speculations  of  those  writers  who  have  been  most 
guccessfiil  in  seizing  and  marking  its  peculiar  character. 
Buffon  may  be  taken  as  an  example  of  the  philosophy  of 
his  time  on  this  subject.  "The  body  of  the  animal,** 
says  he*,  "is  a  kind  of  interior  mould,  in  which  the 
matter  subservient  to  its  increase  is  modelled  and 
assimilated  to  the  whole,  in  such  a  way  that,  without 
occasioning  any  change  in  the  order  and  proportion  of 
the  parts,  there  results  an  augmentation  in  each  part 
taken  separately.  This  increase,  this  development^  if  we 
would  have  a  dear  idea  of  it,  how  can  we  obtain  it,  except 
by  considering  the  body  of  the  animal,  and  each  of  the 
parts  which  is  to  be  developed,  as  so  many  interior  moulds 
which  only  receive  the  accessory  matter  in  the  order 
which  results  from  the  position  of  all  their  parts  ?  This 
development  cannot  take  place,  as  persons  sonietimes 
persuade  themselves,  by  an  addition  to  the  outside ;  on 
the  contrary,  it  goes  on  by  an  intimate  susception  which 
penetrates  the  mass ;  for,  in  the  part  thus  developed,  the 
sisse  increases  in  all  parts  proportionally,  so  that  the  new 
matter  must  penetrate  it  in  all  its  dimensions:  and  it  is 
quite  necessary  that  this  penetration  of  substance  must 
take  place  in  a  certain  order,  and  according  to  a  certain 
measure ;  for  if  this  were  not  so,  some  parts  would  de* 
velope  themselves  more  than  others.  Now  what  can 
there  be  which  shall  prescribe  such  a  rule  to  the  acces-< 
sory  matter  except  the  interior  movidr* 

To  speak  of  a  mould  simply,  would  conyey  a  coarse 
mechanical  notion,  which  could  not  be  received  as  any 
useful  contribution  to  physiological  speculation.  But 
this  interior  mould  is,  of  course,  to  be  understood  figura^ 
tively,  not  as  an  assemblage  of  cavities,  but  as  a  collect 
tion  of  law^,  shaping,  directing,  and  modifying  the  new 
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matter ;  giving  it  hot  only  form,  but  motion  iind  activity, 
such  as  belong  to  the  parts  of  an  organic  being. 

3.  It  must  be  allowed,  however,  that  even  with  this 
explanation,  the  comparison  is  very  loose  and  insufficient. 
A  mould  may  be  permitted  to  mean  a  collection  of  laws^ 
but  still  it  can  convey  no  conception  except  that  of  laws 
regulated  by  relations  of  space ;  and  such  a  conception  is 
very  plainly  quite  inadequate  to  the  piupose*  What  can 
we  conceive  of  the  interior  mould  by  which  chyle  is  sepa^ 
rated  from  the  aliments  at  the  pores  of  the  lacteals,  or 
tears  secreted  in  the  lacrymatory  gland  ? 

An  additional  objection  to  this  mode  of  expression  of 
Buffon  is,  that  it  suggests  to  us  only  a  single  marked 
change  in  the  assimilated  matter,  not  a  continuous  series 
of  changes.  Yet  the  animal  fluids  and  other  substances 
are,  in  &ct,  undergoing  a  constant  series  of  changes. 
Food  becomes  chyme,  and  chyme  becomes  chyle ;  chyle 
is  poured  into  the  blood ;  from  the  blood  secretions  take 
place,  as  the  bile ;  the  bile  is  poured  into  the  digestive 
canal,  and  a  portion  of  the  matter  previously  introduced 
is  rejected  out  of  the  system.  Here  we  must  have  a 
series  of  ^Mnterior  moulds;"  and  these  must  impress 
matter  at  its  ejection  from  the  organic  system  as  well  as 
at  its  reception.  But,  moreover,  it  is  probable  that  none 
of  the  above  transformations  are  quite  abrupt.  Change 
is  going  on  between  the  beginning  and  the  end  of  each 
stage  of  the  nutritive  circulation.  To  express  the  laws 
of  this  continuous  change,  the  image  of  an  interior  mould 
is  quite  unsuited.  We  must  seek  a  better  mode  of 
conception. 

4.  Vegetable  and  animal  nutrition  is,  as  we  have 
said,  a  constant  circulation.  The  matter  so  assumed  is 
not  all  retained :  a  perpetual  subtraction  accompanies  a 
perpetual  addition.  There  is  an  excretion  a£i  well  lis  an 
intussusception.    The  matter  Which  is  assumed  by  the 
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living  creature  is  retained  oulj  for  a  while,  and  is  then 
parted  with.  The  individual  is  the  same,  but  its  parts 
are  in  a  perpetual  flux :  they  come  and  go.  For  a  time 
the  matter  which  belongs  to  the  organic  body  is  bound 
to  it  by  certain  laws :  but  before  it  is  thus  bound  and 
after  it  is  loose,  this  matter  may  circulate  about  the  uni<* 
verse  in  any  other  form.  Life  consists  in  a  permanent 
influence  over  a  perpetually  changing  set  of  particles. 

6.  Cutier. — ^This  condition  also  has  been  happily  ex^ 
pressed,  by  means  of  a  comparison,  by  another  great 
naturalist.  "  If,"  says  Cuvier*,  "  if,  in  order  to  obtain  a 
just  idea  of  the  essence  of  life,  we  consider  it  in  the 
beings  where  its  efiects  are  most  simple,  we  shall  soon 
perceive  that  it  consists  in  the  faculty  which  belongs  to 
certain  bodily  combinations  to  continue  during  a  deter^ 
minate  time  under  a  determinate  form;  constantly  attract- 
ing into  their  composition  a  part  of  the  surrounding 
substancesi  and  giving  up  in  return  some  part  of  their 
own  Blibstancew 

^  Life  is  thus  a  varteji^^  more  or  less  rapid,  more  or  less 
complex,  which  has  a  constant  direction,  and  which  always 
carries  along  its  stream  particles  of  the  same  kinds ;  but 
in  which  the  individual  particles  are  constantly  enter^ 
ing  in  and  departing  out ;  so  that  the  form  of  the  living 
body  is  more  essential  to  it  than  its  matter. 

*^So  long  as  this  motion  subsists,  the  body  in  whidi 
it  takes  place  is  alive ;  it  lives.  When  the  motion  stops 
finally,  the  body  dies.  After  death,  the  elements  which 
eompoae  the  body,  given  up  to  the  ordinary  chemical 
aflSnities,  soon  separate,  and  the  body  which  was  alive  is 
dissolved.'' 

This  notion  of  a  vortex  f  which  is  permanent  while 

*  B^giU  Animaiy  i.  11. 

f  Tlie  definition  of  life  given  by  M.  de  Blainville  appears  to  me 
noito  di£fbr  eeeentially  from  tkat  of  Cuvier.  *'  Un  corps  vivant  eel; 
une  sorie  de  foyer  chimique  ou  il-y-a  \  tons  momens  apport  dd  h6U* 
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the  matter  which  con^)oses  it  constantly  chanj^s,-^— of  pe- 
euliar  forces  which  act  in  this  Tortex  so  lon^  as  it  exists, 
and  which  give  place  to  chemical  forces  when  the  circa* 
latory  motion  ceases, — appears  to  express  some  of  the 
leading  conditions  of  the  assimilative  power  of  living 
things  in  a  simple  and  general  manner^  and  thus  tends 
to  give  distinctness  to  the  notion  of  this  vital  function. 

6.  But  we  may  ohserve  that  this  notion  of  a  vortex 
is  still  insufficient.  Particles  are  not  only  taken  into  the 
system  and  circulated  through  it  for  a  time,  but,  as  we 
have  seen,  they  are  altered  in  character  in  a  manner  to 
us  unintelligible,  both  at  their  first  admission  into  the 
system  and  at  every  period  of  their  progress  through  it. 
In  the  vortex  each  particle  is  constantly  transformed 
while  it  whirls. 

It  may  be  said,  perhaps,  that  this  transformation  may 
be  conceived  to  be  merely  a  new  arrangement  of  particles, 
and  that  thus  all  the  changes  which  take  place  in  the 
circulating  substances  are  merely  so  many  additional 
windings  in  the  course  of  the  whirling  current.  But  to 
say  this,  is  to  take  for  granted  the  atomic  hypothesis  in 
its  rudest  form.  What  right  have  we  to  assume  that 
blood  and  tears,  bile  and  milk,  consist  of  like  particles  of 
matter  differently  arranged  ?  What  can  arrangement,  a 
mere  relation  of  space,  do  towards  explaining  such  diflfeiv 
ences?  Is  not  the  insufiSciency,  the  absurdity  of  such 
an  assumption  proved  by  the  whole  course  of  science? 
Are  not  even  chemical  changes,  according  to  the  best 
views  hitherto  obtained,  something  mc^ie  than  a  mere 
new  arrangement  of  particles?  And  are  not  vital  as 
much  beyond  chemical,  as  chemical  are  beyond  geome*- 

veUe$  molecuks  et  depart  de  molecules  anciennes ;  ou  la  composition 
n'est  jamais  fixe  (si  ce  n'est  d*un  certain  nombre  de  parties  yerita- 
blement  mortes  ou  en  depot),  mais  toujours  pour  ainsi  dire  in  nin^ 
d*on  mourement  plus  ou  moins  lent  et  quelquefois  clialeur."<^-*PriiM%»f 
tTAnai.  Comp^  1822,  t.  i.  p.  16. 
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trical  modifications  ?  It  is  not  enough,  then,  to  conceive 
life  as  a  vortex.  The  particles  which  are  taken  into  the 
organic  frame  do  more  than  circulate  there.  They  are, 
at  every  point  of  their  circulation,  acted  upon  by  laws  of 
an  \mknown  kind,  changing  the  nature  of  the  substance 
which  they  compose.  Life  is  a  vortex  in  which  vital 
forces  act  at  every  point  of  the  stream :  it  is  not  only  a 
current  of  whirling  matter,  but  a  cycle  of  recurring 
powers. 

7.  Mailer  and  Faim. — This  image  of  a  vortex  is 
closely  connected  with  the  representation  of  life  offered 
us  by  writers  of  a.  very  different  school.     In  Schelling's 
Lectures  on  Academic  Study y  he  takes  a  survey  of  the 
various  branches  of  human  knowledge,  determining  acs 
cording  to  his  own  principles  the  shape  which  each  science 
must  necessarily  assume.    The  peculiar  character  of  orga-* 
nization,  according  to  him^,  is  that  the  matter  is  only  an 
accident  of  the  thing  itself,  and  the  organization  consists 
in  form  alone*     But  this  form,  by  its  very  opposition  to 
matter,  ceases  to  be  independent  of  it,  and  is  only  ideally 
separable.      In   organization^    therefore,   substance  and 
accident,  matter  and  form,  are  completely  identical  f. 
This  notion,  that  in  organization  the  form  is  essential  and 
the  matter  accidental,  or,  in  other  words,  that  the  form  is 
permanent  and  the  matter  fluctuating  and  transitory, 
agrees,  if  taken  in  the  grossest  sense  of  matter  and  form, 
with  Cuvier^s  image  of  a  vortex.     In  a  whirlpool,  or  in  a 
waterfall,  the  form  remains,  the  matter  constantly  passes 
away  and  is  renewed.     But  we  have  already  seen):  that  in 
metaphysical  speculations  in  which  matter  and  form  are 
opposed,  the  word  form  is  used  in  a  far  more  extensive 
sense  than  that  which  denotes  a  relation  of  spax^e.     It  may 

*  Lect.  xiii.,  p.  288. 

1 1  have  not  tranfi^ted  Scbelling's  words,  but  g^ven  their  import 
iwiavas  I  could. 
J  Book  i. 
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indeed  designate  any  change  which  tnatter  can  undei^ ; 
and  we  may  very  allowably  say  that  food  and  blood  are 
the  same  matter  under  different  forms*  Hence  if  we 
assert  that  life  is  a  constant  fwm  of  circulating  matter^  we 
express  CuYier's  notion  in  a  mode  free  from  the  false 
suggestion  which  "  vortex  "  conveys, 

8.  We  may,  however,  still  add  something  to  this 
account  of  life.  The  circulating  parts  of  the  system  not 
only  circulate,  but  they  form  the  non-circulating  partf. 
Or  rather,  there  are  no  non-circulating  parts:  all  por- 
tions of  the  frame  circulate  more  or  less  rapidly.  The 
food  which  we  take  circulates  rapidly  in  the  fluids,  m<Nfe 
slowly  in  the  flesh,  still  more  slowly  in  the  bones ;  but  in 
all  these  parts  it  is  taken  into  the  system,  retained  there 
for  some  time,  and  finally  replaced  by  other  matter.  Bat 
while  it  remains  in  the  body,  it  exercises  upon  the  other 
circulating  parts  the  powers  by  which  their  motion  is 
produced.  Nutriment  forms  and  supports  the  organs, 
and  the  organs  carry  fresh  nutriment  to  its  destination. 
The  peculiar  forces  of  the  living  body,  and  its  peculiar 
structure,  are  thus  connected  in  an  indescribable  manner. 
The  forces  produce  the  structure ;  the  structure,  again, 
is  requisite  for  the  exertion  of  the  forces.  The  idea  of 
an  organic  or  living  being  includes  this  peculiar  condi- 
tion— that  its  construction  and  powers  are  such,  that  it 
constantly  appropriates  to  itself  new  portions  of  substance 
which,  so  appTopriated,  become  indistinguishable  parts  of 
the  whole,  and  serve  to  carry  on  subsequently  the  same 
functions  by  which  they  were  assimilated.  And  thus 
erganic  life  is  a  constant  form  of  circulating  matter ,  in  which 
the  matter  and  the  form  determine  each  oth^r  hy  pecnliar 
laws  {that  isy  hy  vital  forces). 

Sect.  III.  Attempts  to  conceive  the  Foi'ces  ofAssimila- 
ti<m  and  Secretion. 

9. 1  have  already  stated  that  in  our  attempts  to  obtfdn 
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elear  and  scientific  Ideas  of  vital  forces,  we  have,  iu  the 
first  place,  to  seek  to  understand  the  course  of  change 
imd  motion  in  each  function,  so  as  to  see  at  what  points 
of  the  process  peculiar  causes  come  into  play ;  and  next, 
to  endeavour  to  obtain  some  insight  into  the  peculiar 
character  and  attributes  of  these  causes.  Having  spoken 
of  the  first  part  of  this  mode  of  investigation  in  regard 
to  the  general  nutrition  of  organic  bodies,  I  must  now 
say  a  few  words  on  the  second  part. 

The  forces  here  spoken  of  are  pital  forces.  From 
what  has  been  said,  we  may  see  in  son^e  measure  the  dis- 
tinction between  forces  of  this  kind  and  mechanical  ol* 
chemical  forces ;  the  latter  tend  constantly  to  produce  a 
final  condition,  after  which  there  is  no  further  cause  of 
change:  mechanical  forces  tend  to  produce  equilibrium; 
chemical  forces  tend  to  produce  compomtion  cht  decompo^ 
sition ;  and  this  point  once  reached,  the  matter  in  which 
these  forces  reside  is  altogether  inert.  But  an  organic 
body  tonds  to  a  constant  motion,  and  the  highest  activity 
of  organic  forces  shows  itself  in  continuous  change; 
Again,  in  mechanical  and  chemical  forces,  the  force  of 
any  aggregate  is  the  sum  of  the  forces  of  all  the  parts : 
the  sum  of  the  forces  corresponds  to  the  sum  of  thd 
matter.  But  in  organic  bodies  the  amount  of  effect  does 
not  depend  on  the  matter,  but  on  the  form :  the  particles 
lose  their  separate  energy,  in  order  to  share  in  that  of  the 
system ;  they  are  not  added,  they  are  assimilated. 

10.  It  is  difficult  to  say  whether  anything  has  been 
gained  to  science  by  the  various  attempts  to  assign  a 
fixed  name  to  the  vital  force  which  is  thus  the  immediate 
eause  of  assimilation.  It  has  been  called  organic  attrae-^ 
Hon  or  vital  attraction^  organic  affinity  or  mial  affinity^ 
being  thus  compared  with  mechanical  attraction  or  che- 
mical affinity.  But,  perhaps,  as  the  process  is  certainly 
ttaither  mochanieal  nor  chemical,  it  is  desirable  to  appro* 
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priate  to  it  a  peculiar  name ;  and  the  name  Assimilation^ 
or  Organic  AssimilaUan^  by  the  usage  of  good  biological 
ivriters,  is  generally  employed  for  this  purpose,  and  may 
be  taken  as  the  standard  name  of  this  vital  force.  To 
illustrate  this,  I  will  quote  a  passage  from  the  excellent 
JElements  of  Physidogtf  of  Professor  Miiller.  ^  In  the  pro- 
cess of  nutrition  is  exemplified  the  fundamental  principle 
of  organic  assimilation.  Each  elementary  particle  of  an 
organ  attracts  similar  particles  from  the  blood,  and  by 
the  changes  it  produces  in  them,  causes  them  to  partici- 
pate in  the  vital  principle  of  the  organ  itself.  Nerves 
take  up  nervous  substance,  muscles  muscular  substance : 
even  morbid  structures  have  the  assimilating  power; 
warts  in  the  skin  grow  with  their  own  peculiar  strocture ; 
in  an  ulcer,  the  base  and  border  are  nourished  in  a  way 
^conformable  to  the  mode  of  action  and  secretion  deter- 
mined by  the  disease." 

1 1.  The  force  of  organic  assimilation  spoken  of  in  the 
last  paragraph  denotes  peculiarly  the  force  by  which  each 
organ  appropriates  to  itself  a  part  of  the  nutriment  re- 
ceived into  the  system,  and  thus  is  maintained  and  aug- 
mented with  the  growth  of  the  whole.  But  the  growth 
of  the  solid  parts  is  only  one  portion  of  the  function  of 
nutrition ;  besides  this,  we  must  consider  the  motion  and 
changes  of  the  fluids,  and  must  ask  what  kind  of  forces 
may  be  conceived  to  produce  these.  What  are  the 
powers  by  which  chyle  is  absorbed  from  the  food,  by  which 
bile  is  secreted  from  the  blood,  by  which  the  circulating 
fnotion  of  these  and  all  other  fluids  of  the  body  are  con- 
stantly maintained?  To  the  questions, — What  are  the 
forces  by  which  absorption^  secretion,  and  the  vUal  motions^ 
of  fluids  are  produced  ? — no  satisfactory  answer  has  been 
returned.  Yet  still  some  steps  have  been  made,  which 
it  may  be  instructive  to  point  out. 

12.  In  absorption  it  would  appear  that  a  part  of  the 
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agencjis  inoifpuniic ;  for  Dot  only  dead  membranes,  but 
inoi^gaaie  substances,  absorb  fluids,  and  even  absorb  them 
with  elective  forces^  according  to  the  ingredients  of  the 
ftuid.  A  force  which  is  of  this  kind,  and  which  has  been 
termed  endasma^y  has  been  found  to  produce  very  curious 
effects.  When  a  membrane  separates  two  fluids,  holding 
in  solution  different  ingredients,  tlie  fluids  pass  through 
the  membrane  in  an  imperceptible  manner,  and  mix  or 
exchange  their  elements.  The  force  which  produces 
these  effects  is  capable  of  balancing  a  very  considerable 
pressure.  It  appears,  moreover,  to  depend,  at  least  among 
other  causes,  upon  attractions  operating  between  the 
elements  of  the  solids  and  the  fluids,  as  well  as  between 
the  different  fluids;  and  this  force,  though  thus  appa- 
rently of  a  mechanical  and  chemical  nature,  probably  has 
considerable  influence  in  vital  phenomena. 

13.  But  still,  though  endosmose  may  account  in  part 
for  absorption  in  some  cases,  it  is  certain  that  there  is 
some  other  vital  force  at  work  in  this  process.  There 
must  be,  as  Miiller  says*,  "  an  organic  attraction  of  a 
kind  hitherto  unknown."  "  If  absorption,"  he  adds  f,  "  is 
to  be  explained  in  a  manner  analogous  to  the  laws  of 
endosmose,  it  must  be  supposed  that  a  chemical  affinity, 
resulting  from  the  vital  process  itself,  is  exerted  between 
the  chyme  in  the  intestines  and  the  chyle  in  the  lacteals, 
by  which  the  chyle  is  enabled  to  attract  the  chyme  with- 
out being  itself  attracted  by  it.  But  such  affinity  or 
attraction  would  be  of  a  vital  nature,  since  it  does  not 
exist  after  death." 

14.  If  the  force  of  absorption  be  thus  mysterious  in 
its  nature,  the  force  of  secretion  is  still  more  so.  In  this 
case  we  have  an  organ  filled  with  a  fine  net-work  of 
blood-vessels,  and  in  the  cavities  of  some  gland,  or  open 
part,  we  have  a  new  fluid  formed,  of  a  kind  altogether 

♦  .P%Hofoj?y,  p.  299.  t  7J.,  p.  301. 
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different  from  the  blood  itself.  It  is  easily  shown  that 
this  cannot  be  explained  by  any  action  of  pores  or  capil-* 
lary  tubes.  But  what  conception  can  we  form  of  the 
forces  by  which  such  a  change  is  produced  ?  Here,  again, 
I  shall  borrow  the  expressions  of  MuUer,  as  presenting 
the  last  result  of  modem  physiology.  He  says*,  •*The 
more  probable  supposition  is,  that  by  virtue  of  imbibition, 
or  the  general  organic  porosity,  the  fluid  portion  of  the 
blood  becomes  diffused  through  the  tissue  of  the  secreting 
organ ;  that  the  external  surface  of  the  glandular  canals 
exerts  a  chemical  attraction  on  the  elements  of  the  fluid, 
infiising  into  them  at  the  same  time  a  tendency  to  unite 
in  new  combinations ;  and  then  repels  them  in  a  manner 
which  is  certainly  quite  inexplicable,  towards  the  inner 
surface  of  the  secreting  membrane,  or  glandular  canals." 
"  Although  quite  unsupported  by  facts,"  he  adds,  "  this 
theory  of  attraction  and  repulsion  is  not  without  its  ana- 
logy in  physical  phenomena ;  and  it  would  appear  that 
very  similar  powers  effect  the  elimination  of  the  fluid  in 
secretion,  and  cause  it  to  be  taken  up  by  the  Ij^nphatics 
in  absori)tion."  He  elsewhere  saysf,  "Absorption  seems 
to  depend  on  an  attraction  the  nature  of  which  is  un- 
known, but  of  which  the  very  counterpart,  as  it  were, 
takes  place  in  secretion;  the  fluids  altered  by  the  se- 
creting action  being  repelled  toAvards  the  free  side  or 
open  surface  only  of  the  secreting  membranes,  and  then 
pressed  forwards  by  the  successive  portions  of  the  fluids 
secreted." 

15.  With  regard  to  the  forces  which  produce  the 
motion  of  absorbed  or  secreted  fluids  alonnr  their  destined 
course,  it  may  be  seen,  from  the  last  quoted  sentence, 
that  the  same  vital  force  which  changes  the  nature,  also 
produces  the  movement  of  the  substance.  The  fluids  are 
pressed  forwards  by  the  successive  portions  absorbed  or 
secreted.     That  this  is  the  sole  cause,  or  at  least  a  very 

*  Physiology,  p.  404.  t  lb.,  p.  301. 
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powerAil  cause,  of  the  motion  of  the  nutritive  fluids  in 
organic  bodies,  is  easily  shown  by  experience.  It  is  found* 
that  the  organs  which  effect  the  ascent  of  the  sap  in  trees 
during  the  spring  are  the  terminal  parts  of  the  roots ; 
that  the  whole  force  by  which  the  sap  is  impelled  upwards 
is  the  vis  a  tetyo,  as  it  has  l>een  called,  the  force  pushing 
from  behind,  exerted  in  the  roots.  And  thus  the  force 
which  produces  this  motion  is  exerted  exactly  at  those 
points  where  the  organic  body  selects  from  the  contiguous 
mass  those  particles  which  it  absorbs  and  appropriates. 
And  the  same  may  most  probably  be  taken  for  the  cause 
of  the  motion  of  the  lymph  and  chyle ;  at  least,  Miiller 
saysf  that  no  other  motive  power  has  been  detected  which 
impels  those  fluids  in  their  course. 

Thus,  though  we  must  confess  the  Vital  Force  con- 
cerned in  Assimilation  and  Secretion  to  be  unknown  in 
its  nature,  we  still  obtain  a  view  of  some  of  the  attributes 
which  it  involves.  It  has  mechanical  efllcacy,  producing 
motions,  often  such  as  would  require  great  mechanical 
force.  But  it  exerts  at  the  same  point  both  an  attraction 
and  a  repulsion,  attracting  matter  on  one  side,  and  repel- 
ling it  on  the  other ;  and  in  this  circumstance  it  differs 
entirely  from  mechanical  forces.  Again,  it  is  not  only 
mechanical  but  chemical,  producing  a  complete  change 
in  the  nature  of  the  substance  on  which  it  acts ;  to  which 
we  must  add  that  the  changes  produced  by  the  vital 
forces  fire  such  as,  for  the  most  part,  our  artificial  che- 
mistry cannot  imitate.  But,  again,  by  the  action  of  the 
vital  force  at  any  point  of  an  organ,  not  only  are  fluids 
made  to  pass,  and  changed  as  they  pass,  but  the  organ 
itself  is  maintained  and  strengthened,  so  as  to  continue 
or  to  increase  its  operation :  and  thus  the  vital  energy 
supports  its  activity  by  its  action,  and  is  augmented  by 
being  exerted. 

*  3IuLLER,  p.  300.  t  lb.,  p.  254. 
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We  have  thus  endeavoured  to  obtain  a  vieir  of:  some 
of  the  peculiar  characters  which  belong  to  the  Forea  of 
Organic  Assimilation ; — the  Force  by  which  life  is- kept  «p, 
conceived  in  the  most  elementary  form  to  which  we  i^an 
reduce  it  by  observation  and  contemplation.  It  appears 
that  it  is  a  force  which  not  only  produces  motioil  and 
chemical  change,  but  also  vitalizes  the  matter  on  winch 
it  actSi  giving  to  it  the  power  of  producing  like  changes 
on  other  matter,  and  so  on  indefinitely.  It  not  only  cir- 
culates the  particles  of  matter,  but  puts  them  in-  a  stream 
of  which  the  flow  is  development  as  well  as  movemeat. 

The  force  of  Organic  Assimilation  being  thus  con- 
ceived, it  becomes  instructive  to  compare  it  withtiie  force 
concerned  in  Generation,  which  we  shall  therefore  (shctea- 
vour  to  do. 

Sect.  IV.  Attempts  to  conceive  tlic  Process  of  CreMration. 

16.  At  first  sight  the  function  of  Nutrition '  ^^pears 
very  diiferent  from  the  function  of  Generation*  •  In  the 
former  ease  we  have  merely  the  existing  orgaiui  main- 
tained or  enlarged,  and  their  action  continued';  in  the 
latter,  we  have  a  new  individual  produced  and  extricated 
from  the  parent.  The  term  reproduction  haa»  no  doubt, 
been  applied,  by  different  writers,  to  both  -these  func- 
tions;— to  the  processes  by  which  an  organ  when  muti- 
lated, is  restored  by  the  forces  of  the  living  body,  and  to 
the  process  by  which  a  new  generation  of  individuals  is 
produced  which  may  be  considered  as  taking  the  plaoe  of 
the  old  generation,  as  these  are  gradually  removed  by 
death.  But  these  are  obviously  different  senses  of  the 
word.  In  the  latter  case,  the  term  reproduction  is 
figuratively  used ;  for  the  satne  individuals  are  not  repro- 
duced; but  the  species  is  kept  up  by  the  propagation  of 
new  individuals,  as  in  nutrition  the  organ  is  kept  up  by 
tlie  assimilation  of  new  matter.  To  escape  ambigiiit^^  I 
shall  avoid  using  the  term  reproduction  in  the  sense:  pf 
propagation. 
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17.  In  Nutrition,  as  we  have' seen,  the  matter,  which 
from  being  at  first  extraneous,  is  appropriated  by  the 
living  system,  and  directed  to  the  sustentatiou  of  the 
organs,  undergoes  a  series  of  changes  of  which  the  detail 
eludes  otir  observation  and  apprehenmon.  The  nutriment 
which  we  receive  contributes  to  the  growth  of  flesh  and 
bone,  viscera  and  organs  of  sense.  But  we  cannot  trace 
in  its'  gradual  changes  a  visible  preparation  for  its  final 
office.  The  portion  of  matter  which  is  destined  to  repair 
the  waste  of  the^  eye  or  the  skin,  is  not  found  assuming  a 
likeness  to  the  parts  of  the  eye  or  the  structure  of  the 
skin,  as  it  comes  near  the  place  where  it  is  moulded  into 
its  ultimate^  foirn/  The  new  parts  are  insinuated  among 
the  old  ones,'  in  an-  obscure  and  imperceptible  matter. 
We  can  trace  their  progress  only  by  their  effects.  The 
organs  are  nourished,  and  that  is  almost  all  we  can  learn : 
we  cannot  Ai^aavef  haw  this  is  done.  We  cannot  follow 
nature  through  >  a  series  of  manifest  preparations  and 
processes  to  this  result 

18.  In  Generation  the  case  is  quite  difierent.  The 
young  being  is  formed  gradually  and  iby  a  series  of  dis- 
tinguishable processes.  It  is  included  within  the  parent 
before  it  is  extruded,  and  approaches  more  or  less  to  the 
likeness  of  the  parent  before  it  is  detached.  While  it 
is  still  an  embryo,  it  shares  in  the  nutrinient  which  circu- 
lates through  the  system  of  the  mother;  but  its  destination 
is  already  clear.  While,  the  new  and  the  old  parts,  in 
every  other  portion  of  tibe  *  mother,  are  undistinguishably 
mixed  together,  this  new  part,  the  foetus,  is  clearly  dis- 
tinct from  the  rest  of  the  system,  and  becomes  rapidly 
more  and  more  so,  as  the  time  goes  on.  And  thus  there 
is  formed,  not  a  new  part,  but  a  new  whole ;  it  is  Qot  an 
organ  which  is  kept  up^  but  an  offspring  which  is  pre- 
pi^ed;  The  progeny  is  included  in  the  parent,  and  is 
gradually  fitted  U>  be  separated  from  it     Tike  young  is  at 
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first  only  the  development  of  a  part  of  the  organization 
of  the  mother; — of  a  germ,  an  ovule.  But  it  is  not 
developed  like  other  organs,  retaining  its  general  form. 
It  does  not  become  merely  a  larger  bud,  a  larger  ovule ; 
it  is  entirely  changed  ;  it  becomes  from  a  bud,  a  blossom^ 
a  flower,  a  fruit,  a  seed ;  from  an  ovule  it  becomes  an 
egg,  a  chick,  a  bird ;  or  it  may  be,  a  foetus,  a  child.  The 
original  rudiment  is  not  merely  nourished,  but  unfolded 
and  transformed  through  the  most  marked  and  remote 
changes,  gradually  tending  to  the  form  of  the  new  indi- 
viduaL 

19.  But  this  is  not  all.  The  foetus  is,  as  we  have 
said,  a  development  of  a  portion  of  the  mother's  organi- 
zation. But  the  foetus  (supposing  it  female)  is  a  likeness 
of  the  mother.  The  mother,  even  before  conception, 
contains  within  herself  the  germs  of  her  progeny ;  the 
female  foetus,  therefore,  at  a  certain  stage  of  develop 
ment^  will  contain  also  the  germs  of  possible  progeny; 
and  thus  we  may  have  the  germs  of  future  generations^ 
pre-existing  and  included  successively  within  one  another. 
And  this  state  of  things,  which  thus  suggests  itself  to  us 
as  possible,  is-  found  to  be  the  case  in  facts  which  obser^ 
ration  supplies.  Anatomists  have  traced  ovules  in  tM 
unborn  foetus,  and  thus  we  have  three  generations  in^ 
eluded  one  within  another. 

20.  Supposing  we  were  to  stop  here,  the  process  of 
propagation  might  appear  to  be  altogether  different  from 
that  of  nutrition.  The  latter,  as  we  have  seen,  may  be 
in  some  measure  illustrated  by  the  image  of  arorfe^rf 
the  former  has  been  represented  by  the  image  of  a  series 
of  germs,  shecUhed  one  within  another  successively,  and 
this  without  any  limit.  This  view  of  the  subjeet  has 
been  termed  the  doctrine  of  the  pre-em^tence  of  gmmsf 
and  has  been  designated  by  German  writers  by  a  term 
(einschachtelungs-theorie)  descriptive  of  the  successive 
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sheathing  of  which  I  have  spokou.  Imitating  thiB  term, 
we  may  call  it  the  themy  of  successive  inclusion.  It  has 
always  had  many  adherents ;  and  has  been,  perhaps,  up 
to  the  present  time,  the  most  current  opinion  on  the 
subject  of  generation.  Cuvier  inclines  to  this  opinion*. 
"  Fixed  forms  perpetuating  themselves  by  generation  dis- 
tinguish the  species  of  living  things.  These  forms  do 
not  produce  themselves,  do  not  change  themselves.  Life 
supposes  them  to  exist  already ;  its  flame  can  be  liglited 
only  in  organization  previously  prepai-ed  ;  and  the  most 
profound  meditations  and  the  most  delicate  researches 
terminate  alike  in  the  mystery  of  the  pi-e-existence  of 
germs." 

21.  Yet  this  doctrine  is  full  of  difficulty.  It  is,  as 
Cuvier  says,  a  mysterious  view  of  the  sulyect ;— so  mys- 
terious that  it  can  hardly  be  accepted  by  us,  who  seek 
distinct  conceptions  as  the  basis  of  our  ]ihilo8ophy.  Can 
it  be  true,  not  only  that  the  germ  of  the  oi!spring  is 
originally  included  in  the  parent,  but  also  the  germs  of 
its  progeny,  and  so  on  without  limit :— So  that  each  fruit- 
ful individual  contains  in  itself  an  infinite  collecttmi  of 
future  possible  individuals; — a  reserve  of  infinite  sue*, 
ceeding  generations  ?  This  is  hard  to  admit.  Have  we 
no  alternative  ?     What  is  the  opposite  doctrine  ? 

22.  The  opposite  doctrine  deserves  at  leaflt  some 
notice.  It  extends  to  the  production  of  a  new  individual, 
the  conception  of  growth  by  nutrition.  According  to 
this  view,  we  suppose  propagation  to  take  place,  not  as  in 
the  view  just  spoken  of,  by  inclusion  and  extrusion,  but 
by  assimilation  and  development ; — not  by  tljie  material 
pre^existence  of  germs,  but  by  the  communication  of 
vital  forces  to  new  matter.  This  opinion  appears  to  be 
entertained  by  some  of  the  most  eminent  physiologists 
of  the  present  time.    Tims,  Miiller  says,  "  The  organic 

*  tt^ffiie  Animal^  ^,  20. 
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force  is  also  creative.  The  organic  force  which  Tesides  in 
the  whole,  and  on  which  the  existence  of  each  part 
depends^  has  also  the  property  of  genemting  from  organic 
matter  the  parts  necessary  to  the  whole."  Life,  he  adds, 
is  not  merely  a  harmony  of  the  parts.  On  the  contrary, 
the  harmonious  action  of  the  parts  subsists  only  by  the 
influence  of  a  force  pervading  all  parts  of  the  body. 
"  This  force  exists  before  the  harmonizing  part8»  which 
are  in  feet  formed  by  it  during  the  development  erf  the 
embryo."  And  again ;  "  The  creative  force  exists  in  the 
germ,  and  creates  in  it  the  essential  force  of  the  future 
animal.  The  genn  is  potmtiaUtf  the  whole  animal :  during 
the  development  of  the  germ  the  parts  which  constitute 
the  actual  whole  are  produced." 

23.  In  this  view,  we  extend  to  the  reprodaction  of 
an  individual  the  same  conception  of  organic  assimilation 
which  we  have  already  arrived  at*  as  the  best  notion  we 
can  form  of  the  force  by  which  the  reproduction  and  sus- 
tentation  of  parts  takes  place.  And  is  not  -so^  an 
extension  really  very  consistent  ?  If  a  living  thing  can 
appropriate  to  itself  extraneous  matter,  invest  it  vdth  its 
own  functions,  and  thus  put  it  in  the  stream  of  constant 
development,  may  we  not  conceive  the  development  of  a 
new  whole  to  take  place  in  this  way  as  well  as  of  a  part? 
If  the  organized  being  can  infuse  into  new  matter  its  vital 
forces,  is  there  any  contradiction  in  supposing  this  infu- 
sion to  take  place  in  the  full  measure  which  is  ^requisite 
for  the  production  of  a  new  individual  ?  The  force  of 
organic  assimilation  is  transferred  to  the  very  matter  on 
Vhich  it  acts ;  it  may  be  transferred  so  that  the  operation 
of  the  forces  produces  not  only  an  organ,  but  a  system  of 
organs. 

24,  This  identification  of  the  forces  which  <q)emte 
iii  Nutrition  and  Generation  may  at  first  seemiorced 
and  obscure,  in  consequence  of  the  very  strong  appacent 
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diiFerences  of  the  two  processes  which  we  have  alreadj 
noticed.  But  this  defect  in  the  doctrine  is  remedied  by 
the  consideration  of  what  may  be  considered  as  inter- 
mediate cases.  It  is  not  true  that,  in  the  nutrition  of 
special  organs^  the  matter  is  always  conveyed  to  its  ulti- 
mate destination  without  being  on  its  way  moulded  into 
the  form  which  it  is  finally  to  bear,  as  the  embryo  is 
moulded  into  the  form  of  the  future  individual.  On  the 
contrary,  there  are  cases  in  which  the  waste  of  the  organs 
is  supplied  by  the  growth  of  new  ones,  which  are  prepared 
and  formed  before  they  are  used,  just  as  the  offspring  is 
prepared  and  formed  before  it  is  separated  from  the 
parent.  This  is  the  case  with  the  teeth  of  many  animals, 
and  especially  with  the  teeth  of  animals  of  the  croco- 
dile kind.  Young  teeth  grow  near  the  root  of  the  old 
ones,  like  buds  on  the  stem  of  a  plant ;  and  as  these 
become  fully  developed,  they  take  the  place  of  the 
parent  tooth  when  that  dies  and  is  cast  away.  And 
these  new  teeth  in  their  turn  are  succeeded  by  others 
which  germinate  from  them.  Several  generations  of 
such  teeth,  it  is  said  as  many  as  four,  have  been  detected 
by  anatomists,  visibly  existing  at  the  same  time;  just 
as  several  generations  of  germs  of  individuals  have  been, 
as  we  already  stated,  observed  included  in  one  another. 
But  this  case  of  the  teeth  appears  to  show  very  strikingly 
how  insufficient  such  observations  are  to  establish  the 
doctrine  of  successive  inclusion,  or  of  the  pre-existence  of 
germs.  Are  we  to  suppose  that  every  crocodile's  tooth 
includes  in  itself  the  germs  of  an  infinite  number  of  pos- 
sible teeth,  as  in  the  theory  of  pre-existing  germs,  every 
individual  includes  an  infinite  number  of  individuals  ?  If 
this  be  true  of  teeth,  we  must  suppose  that  organ  to 
follow  laws  entirely  different  from  almost  every  other 
organ ;  for  no  one  would  apply  to  the  other  organs  in 
general  such  a  theory  of  reproduction.    But  if  such  a 
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theonr  be  not  maintained  respecting  the  teeth,  how  can 
we  maintain  the  theory  of  the  preexisting  germs  of  indi* 
viduals,  which  has  no  recommendation  except  that  of 
accounting  for  exactly  the  same  phenomena  ? 

It  would  seem,  then,  that  we  are,  by  the  closest  consi* 
deration  of  the  subject,  led  to  conceive  the  forces  by 
which  generation  is  produced  as  forces  which  vitalise 
certain  portions  of  matter,  and  thus  prepare  them  for 
development  according  to  organic  forms;  and  thus  the 
conception  of  this  Generative  Force  is  identified  witli 
the  conception  of  the  Force  of  Organic  Assimilation^  to 
which  we  were  led  by  the  consideration  of  the  process 
of  nutrition. 

I  shall  not  attempt  to  give  further  distinctness  and 
fixity  to  this  conception  of  one  of  the  vital  forces ;  but  I 
shall  proceed  to  exemplify  the  same  analysis  of  life  by  some 
remarks  upon  another  Vital  Process,  and  the  Forces  of 
which  it  exhibits  the  ojmratiou. 


Chaptbb  V. 

ATTEMPTS  TO  FORM  IDEAS  OF  SEPARATE 
VITAL  FORCES,  Co7itinued.—YOLV^TAUY 

MOTION. 

1.  Wb  formerly  noticed  the  distinctions  of  oryanie 
and  animai  f\inctions,  organic  and  animal  forces,  as  one 
of  the  most  marked  distinctions  to  which  physiologists 
have  been  led  in  their  aiialysis  of  the  vital  powel*S4  I 
have  now  taken  one  of  the  former,  the  organic  class  of 
Ainctions,  namely,  nutrition;  and  have  endeavoured  td 
point  out  in  some  measure  the  peculiar  nature  of  the 
vital  forces  by  which  this  function  is  carried  on.  It  may 
serve  to  show  the  extent  and  the  difficulty  of  this  sabjeeti 
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if,  before  quitting  it,  I  offer  a  few  remarks  suggested  by  a 
function  belonging  to  the  other  class,  the  animal  func- 
tions. This  I  shall  briefly  do  with  respect  to  voluntary 
motion. 

2.    In   the   History  of  Physiology,  I   have   already 
related   the   progress  of  the  researches   by  which   the 
organs  employed  in  voluntary  motion  became  kno%vn  to 
anatomists.     It  was  ascertained  to  the  satisfaction  of  all 
physiologists,  that  the  immediate  agents  in  such  motion 
are  the  muscles ;  that  the  muscles  are  in  some  way  con- 
tracted, when  the  nerves  convey  to  them  the  agency  of 
the  will ;   and  that  thus  the  limbs  are  moved.     It  was 
ascertained,  also,  that  the  nerves  convey  sensations  from 
the  organs  of  sense  inwards,  so  as  to  make  these  sensa- 
tions the  object  of  the  animal's  consciousness.     In  man 
and   the  higher  animals,    these  impressions   upon   the 
nerves  are  all  conveyed  to  one  internal  organ,  the  brain ; 
and  from  this  organ  all  impressions  of  the  will  appear  to 
proceed ;  and  thus  the  brain  is  the  centre  of  animal  life, 
towards  which  sensations  converge,  and  from  which  voli- 
tions diverge. 

But  this  being  the  i)rocess,  we  are  led  to  inquire  how 
far  we  can  obtain  any  knowledge,  or  form  any  conception 
of  the  vital  forces  by  means  of  which  the  process  Is  car- 
ried on.  And  here  I  have  further  stated  in  the  History*, 
that  the  transfer  of  sensations  and  volitions  along  the 
nerves  was  often  represented  as  consisting  in  the  motion 
of  a  Nervous  Fluid.  I  have  related  that  the  hypothesis  of 
such  ft  fluid,  conveying  its  impressions  either  by  motions 
of  translation  or  of  vibration,  was  countenanced  by  many 
great  names,  as  Newton,  Haller,  and  even  Cuvier.  But 
I  have  ventured  to  express  my  doubt  whether  this  hypo- 
thesis can  have  much  value:  "for,"  I  have  said,  ^^this 
principle  <^nnot  be  mechanical,  chemical,  or  phjrsical, 
and  therefi[tf6  cannot  be  better  understood  by  embodying 

♦  BUt.  Ind.  Sci.y  iii.  428. 
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it  in  a  fluid.  The  difiiciilty  we  have  in  conceiving  what 
the  force  w,  is  not  got  rid  of  by  explaining  the  machinery 
by  which  it  is  transferred.^' 

3.  I  may  add,  that  no  succeeding  biological  researches 
appear  to  have  diminished  the  force  of  these  considera- 
tions. In  modem  times,  attempts  have  repeatedly  been 
made  to  identify  the  nervous  fluid  with  electricity  or 
galvanism.  But  these  attempts  have  not  been  satisfac- 
tory or  conclusive  of  the  truth  of  such  an  identity :  and 
Professor  Miiller  probably  speaks  the  judgment  of  the 
most  judicious  physiologists,  when  he  states  it  as  his 
opinion,  after  examining  the  evidence*,  "That  the  vital 
actions  of  the  nerves  are  not  attended  with  the  deve- 
lopment of  any  galvanic  currents  which  our  instruments 
can  detect;  and  that  the  laws  of  action  of  the  nervous 
principle  are  totally  different  from  those  of  electricity." 

That  the  powers  by  which  the  nerves  are  the  instru- 
ments of  sensation,  and  the  muscles  of  motion,  are  vital 
endowments,  incapable  of  being  expressed  or  explained 
by  any  comparison  with  mechanical,  chemical,  and  elec- 
trical forces,  is  the  result  which  we  should  expect  to  find, 
judging  from  the  whole  analogy  of  science ;  and  which 
thus  is  confirmed  by  the  history  of  physiology  up  to  the 
present  time.  We  naturally,  then,  turn  to  inquire 
whether  such  peculiar  vital  powers  have  been  brought 
into  view  with  any  distinctness  and  clearness. 

4.  The  property  by  which  muscles,  under  proper  sti- 
mulation, contract  and  produce  motion,  has  been  termed 
irritability  or  contractility;  the  property  by  which  nerves 
are  susceptible  of  their  appropriate  impressions  has  been 
termed  sensibility.  A  very  few  words  on  each  of  these 
subjects  must  suffice. 

Irritability. — I  have,  in  the  History  of  Physiologyf* 
noticed  that  Glisson,  a  Cambridge  professor,  distinguished 
the  irritation  of  muscles  as  a  peculiar  property,  different 

♦  EUm.  Phy$.,  p.  640.  +  ffut.  Ind.  Set.,  iii.  427. 
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• 

from  any  merely  mechanioal  or  physical  action.  I  have 
mentioned,  also,  that  he  divides  irritation  into  natural, 
vital,  and  animal ;  and  points  out*  though  briefly,  the 
graduated  diflferences.  .of  irritability  in  different  organs. 
Although  these  opinions  did  not  at  first  attract  much 
notice,  about  seventy  years  afterwards  attention  was 
powerfully  called  to  this  vital  force,  irritabUity^  by  Haller 
I  shall  borrow  SprengeFs  reflections  on  this  subject. 

^'  Hitherto  men  had  been  led  to  see  more  and  more 
clearly  that  the  clause  of  the  bodily  functions,  the  funda- 
mental powe):  of  the  animal  frame,  is  not  to  be  sought  in 
the  mechanism,  and  stiU  less  in  the  mixture  of  the  parts. 
In  this  conviction,  they  had  had  recourse  partly  to  the 
quite  supersensuousi  principle  of  the  soul,  partly  to  the 
half-material  principle  of  the  aaimal  spirits,  in  order  to 
explain  the  bodily  motions*  Glisson  alone  saw  the 
necessity  of  assuming  an  original  power  in  the  fibres, 
which,  indep^ident  of  the  iuflu<9nce  of  the  animal  spirits, 
should  produce  con<<raetion  iki  thehi.  And  Grorter  first 
held  that  this  orijginol  poweripeas.not  to  be  confined  to 
the  muscles,  but  to  be  extended  to  ail  parts  of  the  living 
body.  ' 

^*  But  as  yet  the  laws  of  this  power  were  not  known, 
nor  had  men  -oome  to  an  understanding  whether  it  were 
fully  distinct  from  the  elasticity  of  the  parts,  or  by  what 
causes  it  was  put  in  action,  /niey  had  neither  instituted 
observations  nor  •  experiments  which  establidied  its  rela- 
tion to  other  assmned  forces  of  the  body.  There  was 
still  wanting'  a  detemunAJtion  of  the  peculiar  seat  of  this 
power,  abd  exp^ments  to  trace  its  gradual  difierences 
in  ffiffi^rent'  parts  of  the  body.  In  addition  to  other 
causes,  the  necessity  of  the  assumption  of  such  a  power 
was- felt  tfi^  more,  in  bonsequence  of  the  prevalence  of 
lieibnita^'s  doctrine  o€  the  activity  of  matter;  but  it 
4m#  dkl^oe^idt  (|Adtfty^  and  remaiined  so  till  HaHer,  by 
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numerous  experiments  and  solid  observations,  placed  in 
a  clear  light  the  peculiarities  of  the  powers  of  the  animal 
body." 

6.  Perhaps,  however,  Haller  did  more  in  the  way  of 
determining  experimentally  the  limits  and  details  of  the 
application  of  this  idea  of  Irritability  as  a  peculiar  attri- 
bute, than  in  developing  the  idea  itself.  In  this  way  his 
merits  were  great.  As  early  as  the  year  1739,  he  pub- 
lished his  opinion  upon  irritability  as  the  cause  of  mus- 
cular motion,  which  he  promulgated  again  in  1748.  But 
from  the  year  1747  he  was  more  attentive  to  the  pecu- 
liarities of  irritability,  and  its  difference  from  the  effect  of 
the  nerves.  In  the  first  edition  of  his  Physiology^  which 
appeared  in  1747,  he  distinguished  three  kinds  of  force 
in  muscles, — ^the  dead  force,  the  innate  force,  and  the 
nervous  power.  The  first  is  identical  with  the  elastic 
force  of  dead  matter,  and  remains  even  after  death.  The 
innate  force  continues  only  a  short  time  after  death,  and 
discloses  itself  especially  by  alternate  oscillations;  the 
motions  which  arise  from  this  are  much  more  lively  than 
those  which  arise  from  mere  elasticity:  they  are  not 
excited  by  tension,  nor  by  pressure,  nor  by  any  mecha- 
nical alteration,  but  only  by  invitation.  The  neirotis 
force  of  the  muscle  is  imparted  to  it  from  without  by  the 
nerves;  it  preserves  the  irritability^  which  cannot  long 
subsist  without  the  influence  of  the  nervous  force,  but  is 
not  identical  with  it. 

In  the  year  1752,  Haller  laid]  before  the  Society  of 
Gottingen  the  result  of  one  hundred  and  ninety  experi- 
ments; from  which  it  appears  to  what  parts  of  the 
animal  system  irritability  and  nervous  power  belong. 
These  I  need  not  enumerate.  He  also  investigated  with 
care  its  gradations  in  those  parts  which  do  possess  it. 
Thus  the  heart  possesses  it  in  the  highest  degree,  and 
other  organs  follow  in  their  order. 
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6.  Haller's  doctrine  was,  that  there  resides  in  the 
muscles  a  peculiar  vital  power  by  which  they  contract, 
and  that  this  power  is  distinct  from  the  attributes  of  the 
nerves.  And  this  doctrino  has  been  accejrted  by  the 
best  physiologists  of  modem  times.  But  this  distinction 
of  the  irritability  of  the  muscles  from  the  sensibility  of  the 
nerves  became  somewhat  clearer  by  giving  to  the  former 
attribute  the  name  of  contractility.  This  accordingly 
was  done;  it  is,  for  example,  the  phraseology  used  by 
Bichat.  By  speaking  of  animal  sensibility  and  animal 
contractility^  the  passive*  and  the  active  element  of  the 
processes  of  animal  life  are  clearly  separated  and  opposed 
to  each  other.  The  sensations  which  we  feel,  and  the 
muscular  action  which  we  exert,  may  be  closely  and 
inseparably  connected,  yet  still  they  are  clearly  distin- 
guishable. We  can  easily  in  our  apprehension  separate 
the  titillation  felt  in  the  nose  on  taking  snufT,  from  the 
action  of  the  muscles  in  sneezing,  or  the  perception  of 
an  object  falling  towards  the  eye,  from  the  exertion  which 
shuts  the  eye-lid ;  although  in  these  cases  the  passive  and 
active  part  of  the  process  are  almost  or  quite  inseparable 
in  fact.  And  this  clear  separation  of  the  active  from  the 
passive  power  is  something,  it  would  seem,  peculiar  to 
the  Animal  Vital  Powers ;  it  is  a  character  by  which  they 
differ,  not  only  from  mechanical,  chemical,  and  all  other 
merely  physical  forces,  but  even  from  Organic  Vital 
Powers. 

7.  But  this  difference  between  the  Animal  and  the 
Organic  Vital  Powers  requires  to  be  further  insisted  upon, 
for  it  appears  to  have  been  overlooked  or  denied  by  very 
eminent  physiologists.  For  instance,  Bichat  classifies  the 
Vital  Powers  as  Animal  Sensibility,  Animal  Contractility, 
Organic  Sensibility,  Organic  Contractility, 

Now  the  view  which  suggests  itself  to  us,  in  agree* 
ment  with  what  has  been  said,  is  this : — ^that  though  Ani- 
mal Sensibility  and  Animal  Contractility  are  clearly  and 
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certainly  distinct.  Organic  Sensibility  and  Organic  Contrac- 
tility are  neither  separable  in  fact  nor  in  our  conception, 
but  together  make  up  a  single  Vital  Power.  That  they 
are  not  separable  in  fact  is,  indeed,  acknowledged  by 
Bichat  himself.  "The  organic  contractility,"  he  says* 
"  can  never  be  separated  from  the  sensibility  of  the  same 
kind ;  the  reaction  of  the  excreting  tubes  is  immediately 
connected  with  the  action  which  the  secreted  fluids  exer- 
cise upon  them :  the  contraction  of  the  heart  must  neces- 
sarily succeed  the  influx  of  the  blood  into  it."  It  is  not 
wonderful,  therefore,  that  it  should  have  happened,  as  he 
complains,  that  "  authors  have  by  no  means  separated 
these  two  things,  either  in  their  consideration  or  in  lan- 
guage." We  cannot  avoid  asking,  Are  Organic  Sensibility 
and  Organic  Contractility  really  anything  more  than 
two  different  aspects  of  the  same  thing,  like  action  and 
reaction  in  mechanics,  which  are  only  two  ways  of  con- 
sidering the  action  which  takes  place  at  a  point ;  or  like 
the  positive  and  negative  electricities,  which,  as  we  have 
seen,  always  co-exist  and  correspond  to  each  other  ? 

8.  But  we  may  observe,  moreover,  that  Bichat,  by  his 
use  of  the  term  Contractility,  includes  in  it  powers  to 
which  it  cannot  with  any  propriety  be  applied.  Why 
should  we  suppose  that  the  vital  powers  of  absorptioo, 
secretion,  assimilation,  are  of  such  a  nature  that  the  name 
contractility  may  be  employed  to  describe  them?  We 
have  seen,  in  the  last  chapter,  that  the  most  careful  study 
of  these  powers  leads  us  to  conceive  them  in  a  manner 
altogether  removed  from  any  notion  of  contraction.  Is 
it  not  then  an  abuse  of  language  which  cannot  possibly 
lead  to  anything  but  confusion,  to  write  thusf:  "The 
insensible  organic  contractility  is  that,  by  virtue  of  which 
the  excreting  tubes  react  upon  their  respective  fluids, 
the  secreting  organs  upon  the  blood  which  flows  into 

♦  Life  and  Death^  p.  94.  t  lb.  p.  95. 
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them,  the  parts  where  nutfition  is  performed  upon  the 
nutritive  juices,  and  the  lymphatics  upon  the  substances 
which  excite  Iheir  open  extremities.'*  In  the  same  man- 
ner heMcribes*  to  the  peculiar  sensibility  of  each  organ 
the  peculiarity  of  its  products  and  operations.  An 
increased  absorption  is  produced  by  an  increased  suscep- 
tibility of  the  "absorbent  orifices."  And  thus,  in  this 
view,  each  organic  power  may  be  contemplated  either  as 
sensibility  or  as  contractility,  and  may  be  supposed  to  be 
rendered  more  intense  by  magnifying  either  of  these  its 
aspects;  although,  in  fact,  neither  can  be  conceived  to 
be  increased  without  an  exactly  commensurate  increase 
of  the  other. 

9.  This  opinion,  unfounded  as  it  thus  appears  to  be, 
that  all  the  different  organic  vital  powers  are  merely  dif- 
ferent kinds  of  contractility  or  excitability,  was  connected 
with  the  doctrines  of  Brown  and  his  followers,  which 
were  so 'celebrated  in  the  last  century,  that  all  diseases 
arise  from  increase  or  from  diminution  of  the  vital  force. 
The  consideration^  which  have  already  offered  themselves 
would  lead  us  to  assent  to  the  judgment  which  Cuvier 
has  pronounced  upon  this  system.  "  The  theory  of  exci- 
tation," he  says,  "  so  celebrated  in  these  later  times  by  its 
influence  upon  pathology  and  therapeutick,  is  at  bottom 
only  a  modification  of  that,  in  which,  including  under  a 
common  name  sensibility  and  irritability,"  and  we  may 
add,  applying  this  name  to  all  the  vital  powers,  "the 
speculator  takes  refuge  in  an  abstraction  so  wide,  that  if, 
by  it,  he  simplifies  medicine,  he  annihilates  all  positive 

physiology  f.** 

iO.  The  separation  of  the  nervous  influence  and  the 

muscnTat  irritability,  although  it  has  led  to  many  highly 

instructive  speculations,  is  not  without   its   difficulties, 

♦  Life  and  Death,  p.  90. 
t  Hist,  des  Sci  Nat.  depuU  178»,  i.  219. 
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when  viewed  with  reference  to  the  Idea  of  Vital  Power. 
If  the  irritability  of  each  muscle  reside  in  the  muscle 
itself,  how  does  it  diiTer  from  a  mere  mechanical  force^ 
as  elasticity?  But,  in  point  of  fact,  it  is  certain  that  thd 
muscular  irritability  of  the  animal  body  is  not  an  attribute 
of  the  muscle  itself  independent  of  its  connexion  with 
tlie  system.  No  muscle,  or  other  part,  removed  from 
the  body,  long  preserves  its  irritability.  This  power  cannot 
subsist  permanently,  except  in  connelion  with  an  organic 
whole.  This  condition  peculiarly  constitutes  irritability 
a  living  force :  and  this  condition  would  be  satisfied  by 
considering  the  force  as  derived  from  the  nervous  system; 
but  it  appears  that  though  the  nervous  system  has  the 
most  important  influence  upon  all  vital  actions,  the 
muscular  irritability  must  needs  be  considered  as  some* 
thing  distinct.  And  thus  the  Irritability  or  Contractility 
of  the  muscle  is  a  peculiar  endowment  of  the  texture,  but 
it  is  at  the  same  time  an  endowment  which  can  Only  co-^ 
exist  with  life ;  it  is,  in  short,  a  peculiar  Vital  Power. 

11.  Tliis  necessity  of  the  union  of  the  muscle  with 
the  whole  nervous  system,  in  order  that  it  may  possess 
irritability,  was  the  meaning  of  the  true  part  of  StahFs 
psychical  doctrine ;  and  the  reason  why  he  and  his  adher* 
ents  persisted  in  asserting  the  power  of  the  soul  even 
over  involuntary  motions.  This  doctrine  was  the  source 
of  much  controversy  in  later  times. 

"But,"  says  Cuvier*,  "this  opposition  of  opinion 
may  be  reconciled  by  the  intimate  union  of  the  nervous 
substance  with  the  fibre  and  the  other  contractile  organic 
elements,  and  by  their  reciprocal  action ; — doctrines 
which  had  been  presented  with  so  much  probability  by 
physiologists  of  the  Scotch  school,  but  wliich  were  ele- 
vated above  the  rank  of  liypotheses  only  by  the  observa- 
tions of  more  recent  times. 

«  Hut.  de$  Sei.  Nat.  depuii  1789|  i.  213. 
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"  The  fibre  does  not  contract  by  itself,  but  by  the 
influence  of  the  nervous  filaments,  which  are  lilways 
united  with  it.  The  change  which  produces  the  con- 
traction cannot  take  place  without  the  concurrence  of 
both  these  substances ;  and  it  is  further  necessary  that  it 
should  be  occasioned  each  time  by  an  exterior  cause,  by 
a  stimulant. 

**The  will  is  one  of  these  stimulants;  but  it  only 
excites  the  irritability,  it  does  not  constitute  it ;  for  in 
the  case  of  persons  paralytic  from  apoplexy,  the  irritabi- 
lity remains,  though  the  power  of  the  will  over  it  is  gone. 
Thus  vritabilUy  depends  in  part  on  the  nerve,  but  not  oil 
the  sensibilitif :  this  last  is  another  property,  still  niord 
admirable  and  occult  than  the  irritability ;  but  it  is  only 
one  among  several  functions  of  the  nervous  system.  It 
would  be  an  abuse  of  words  to  extend  this  denomination 
to  functions  unaccompanied  by  perception." 

12.  Supposing,  then,  that  Contractility  is  established 
as  a  peculiar  Vital  Power  residing  in  the  muscles,  we  may 
ask  whether  we  can  trace  with  any  further  exactness  the 
seat  and  nature  of  this  power.     It  M^ould  be  unsuitable 
to  the  nature  of  the  present  work  to  dwell  upon  the 
anatomical  discussions  bearing  upon  this  point.     I  will 
only  remark  that  some  anatomists  maintain*  that  mus- 
cles are  contracted  by  those  fibres  assuming  a  zigzag  form, 
which  at  first  were  straight.     Others  (Professor  Owen 
and  Dr.  A.  Thompson,)  doubt  the  accuracy  of  this  obser- 
vation; and  conceive  that  the  muscular  fibre  becomes 
shorter  and  thicker,  but  does  not  deviate  from  a  right  line. 
We  may  remark  that  the  latter  kind  of  action  appears 
to  be  more  elementary  in  its  nature.     We  can  conceive 
a  straight  line  thrown  into  a  zigzag  shape  by  muscular 
contractions  taking  place  between  remote  parts  of  it; 
but  it  is  difficult  to  conceive  by  what  elementtiiy  mode  of 

*  MiJLLER,  Eletn.  Pky$.,  p.  887. 
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action  a  straight  fibre  could  bend  itself  at  certain  points, 
and  at  certain  points  only;  since  the  elementary  forcd 
must  act  at  every  point  of  the  fibre,  and  not  at  certain 
selected  points. 

13.  A  circumstance  which  remarkably  marks  the 
difference  between  the  vital  force  of  contractility,  inhe* 
rent  in  muscles,  and  any  merely  dead  or  mechanical  force* 
is  this ;  that  in  assuming  their  contractile  state,  muscles 
exert  a  tension  which  they  could  not  themselves  support 
or  convey  if  not  strengthened  by  their  vital  irritability* 
They  are  capable  of  raising  weights  by  their  exertion, 
which  will  tear  them  asunder  when  the  power  of  con- 
traction is  lost  by  death.  Tliis  has  induced  Cuvier  and 
other  physiologists  *  to  believe  "  that  in  the  moment  of 
action,  the  particles  that  compose  a  fibre,  not  only  ap* 
proach  towards  each  other  longitudinally,  but  that  their 
cohesive  attraction  becomes  instantaneously  much  greater 
than  it  was  before:  for  without  such  an  increase  of 
cohesive  force,  the  tendency  to  shorten  could  not,  as  it 
would  appear,  prevent  the  fibre  from  being  torn.'*  We 
see  here  the  difficulty,  or  rather  the  impossibility,  of  con- 
ceiving muscular  contractility  as  a  mere  mechanical  force ; 
and  perhaps  there  is  little  hope  of  any  advantage  by  calU 
iug  in  the  aid  of  chemical  hypothesis  to  solve  the  mecha- 
nical difficulty.  Cuvier  conjectures  that  a  sudden  change 
in  the  chemical  composition  may  thus  so  quickly  and 
powerfully  augment  the  cohesion.  But  we  may  ask,  are 
not  a  chemical  synthesis  and  analysis,  suddenly  performed 
by  a  mevQ  act  of  the  will,  as  difficult  to  conceive  as  a 
sudden  increase  and  decrease  of  mechanical  power  directly 
produced  by  the  same  cause  ? 

15.  SetisibUity.  The  nerves  are  the  organs  and  chan- 
nels of  sensibility.  By  means  of  them  we  receive  our 
sensations,  whether  of  mere  pleasure  and  pain,  or  of  qua- 

*  Prior AKD,  Vital  Prin.^  p.  126. 
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lities  which  we  ascribe  to  external  objects,  as  a  bitter 
taste,  a  sweet  odour,  a  shrill  sound,  a  red  colour,  a  hard 
or  a  hot  object  of  touch.  Some  of  these  sensations  are 
but  obscurely  the  objects  of  our  consciousness;  as  for 
example  the  feeling  which  our  feet  have  of  the  ground, 
or  the  sight  which  our  eyes  have  of  neighbouring  objects, 
when  we  walk  in  a  reverie.  In  these  cases  the  sensa^ 
tions,  though  obscure,  exist ;  for  they  serve  to  balance  and 
guide  us  as  we  walk.  In  other  cases,  our  sensations  are 
distinctly  and  directly  the  objects  of  our  attention. 

But  our  sensations,  as  we  have  already  said,  we  ascribe 
as  qualities  to  external  objects.  By  our  senses  we  perceive 
objects,  and  thus  our  smsations  become  pe7'ceptions.  We 
have  not  only  the  sensation  of  round,  purple,  and  green, 
repeated  and  varied,  but  the  perception  of  a  bunch  of 
grapes  partly  ripe  and  partly  unripe.  We  have  not  only 
sensations  of  noise  and  of  variously-coloured  specks  ra- 
pidly changing  their  places,  but  we  have  perceptions,  by 
sound  and  sight,  of  a  stone  rolling  down  the  hill  and 
crushing  the  shrubs  in  its  path.  We  scarcely  ever  dwell 
upon  our  sensations;  our  thoughts  are  employed  upon 
objects.  We  regard  the  impressions  upon  our  nerves, 
not  for  what  they  are,  but  for  what  they  tell  us. 

But  in  what  language  is  it  that  the  impressions  upon 
the  nerves  thus  speak  to  us  of  an  external  world,  of  the 
forms  and  qualities  and  actions  of  objects  ?  How  is  it 
that  by  the  aid  of  our  nervous  system  we  become  ac- 
quainted not  only  with  impressions  but  with  things  ;  that 
we  learn  not  only  the  relation  of  objects  to  us,  but  to 
one  another  ? 

16.  It  has  been  shown  at  some  length  in  the  previous 
Books,  that  the  mode  in  which  sensations  are  connected 
in  our  minds  so  as  to  convey  to  us  the  knowledge  of 
objects  and  their  relations,  is  by  being  contemplated  with 
Inference  to  Ideas.    Our  sensations,  connected  by  the 
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Idea  of  Space,  become  figures;  connected  by  the  Idea  of 
Time,  they  become  causes  and  effects ;  connected  by  the 
Idea  of  Resemblance,  they  become  individuals  and  kinds ; 
connected  by  the  Idea  of  Organization,  they  become 
living  things.  It  has  been  shown  that  without  these 
Ideas  there  can  be  no  connexion  among  our  sensations, 
and  therefore  no  perception  of  Figure,  Action,  Kind,  or 
in  short  of  bodies  under  any  aspect  whatever.  Sensations 
are  the  rude  MaCtet  of  our  perceptions ;  and  are  nothing, 
except  so  far  as  they  have  Fotin  given  them  by  Ideas. 
But  thus  moulded  by  our  Ideas,  sensation  becomes  the 
source  of  an  endless  store  of  important  knowledge  of 
every  possible  kind. 

17.  But  one  of  the  most  obvious  uses  of  our  percep- 
tions and  our  knowledge  is  to  direct  our  actions.  It  is 
suitable  to  the  condition  of  our  being  that  when  we  per<« 
ceive  a  bunch  of  grapes,  we  should  be  able  to  pluck  and 
eat  the  ripe  ones;  that  when  we  {perceive  a  stone  rushing 
down  the  side  of  a  hill,  we  should  be  able  to  move  so  as  to 
avoid  it.  And  this  must  be  done  by  moving  our  limbs; 
in  short,  by  the  use  of  our  muscles.  And  thus  sensation 
leads,  not  directly,  but  through  the  medium  of  Ideas,  to 
muscular  contraction.  I  say  that  sensation  and  muscular 
action  are  in  such  cases  connected  through  the  medium 
of  Ideas.  For  when  we  proceed  to  pluck  the  grape 
which  we  see,  the  sensation  does  not  determine  the 
motion  of  the  hand  by  any  necessary  geometrical  or 
mechanical  conditions,  as  an  impression  made  upon  a 
machine  determines  its  motions ;  but  the  perception  leads 
us  to  stretch  forth  the  hand  to  that  part  of  space,  where- 
evet  it  is,  where  we  know  that  the  grape  is,  and  this,,  not  in 
any  determinate  path,  but,  it  may  be,  avoiding  or  removing 
intervening  obstacles,  which  we  t\9o pet  ceive.  There  it  in 
Qvery  suob  case  a  connexion  between  the  sensation  and 
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kind.     The  cause  and  the  effect  are  bound  together,  not 
by  physical  but  by  intellectual  ties. 

18.  And  thus  in  such  cases,  between  the  two  vital 
operations,  sensation  and  muscular  action,  there  interw 
venes,  as  an  intermediate  step,  perception  or  knowledge, 
which  is  not  merely  vital  but  ideal.  But  this  is  not  all ; 
there  is  still  another  mental  part  of  the  process  which  may 
be  readily  distinguished  from  that  which  we  have  de- 
scribed. An  act  of  the  will^  a  volition,  is  that  in  the  mind 
which  immediately  determines  the  action  of  the  muscles 
of  the  body.  And  thus  Will  intervenes  between  Know- 
ledge and  Action  ;  and  the  cycle  of  operations  which  take 
place  when  animals  act  with  reference  to  external  objects 
is  this : — Sensation,  Perception,  Volition,  Muscular  Con- 
traction. 

19.  To  attempt  further  to  analyse  the  mental  part  of 
this  cycle  does  not  belong  to  the  present  part  of  our 
work.  But  we  may  remark  here,  as  we  have  already 
remarked  in  the  History*,  how  irresistibly  we  are  led 
by  physiological  researches  into  the  domain  of  thought 
and  mind.  We  pass  ftoia  the  body  to  the  soul,  from 
physics  to  metaphysics;  from  biology  to  psychology; 
from  things  to  persons ;  from  nouns  to  pronouns.  I  have 
there  noticed  the  manner  in  which  Cuvier  expresses  this 
transition  by  the  introduction  of  the  pronoun:  ^^The 
impression  of  external  objects  upon  the  me,  the  produce 
tion  of  a  sensation,  of  an  image,  is  a  mystery  impene- 
trable to  our  thoughts." 

20.  But  to  return  to  the  merely  biological  part  of 
our  speculations.  We  have  arrived,  it  will  be  perceived* 
at  this  result:  that  in  animal  actions  there  intervenes 
between  the  two  terras  of  Sensation  and  Muscular  Con* 
traction,  an  intermediate  process ;  which  may  be  described 
is  a  communication  to  and  from  a  centre.    This  centre  is 

*  tn$t.  Ini.  fiW.,  ill.,  430. 
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the  seat  of  the  sentient  and  volent  faculties,  and  is  of  a 
hyperphysical  nature.  But  the  existence  of  such  a  centre 
as  a  necessary  element  in  the  functions  of  the  animal  life 
is  a  truth  which  is  important  in  biology.  This  indeed  may 
be  taken  as  the  peculiar  character  of  animal,  as  distin- 
guished from  merely  organic  powers.  Accordingly  it  is 
80  stated  by  Bichat.  For  although  he  superfluously,  as  it 
would  seem,  introduces  into  his  list  of  vital  powers  an 
organic  sensibility,  he  still  draws  the  distinction  of  which 
I  have  spoken ;  *^  in  the  animal  life,  sensibility  is  the 
laculty  of  receiving  an  impression  plus  that  of  referring  it 
to  a  common  centre*." 

21.  But  since  Sensibility  and  Contractility  are  thus 
connected  by  reference  to  a  common  Centre,  we  may  ask, 
before  quitting  the  subject,  what  are  the  different  forms 
which  this  reference  assumes.  Is  the  connexion  always 
attended  by  the  distinct  steps  of  knowledge  and  will, — ^by 
a  clear  act  of  consciousness,  as  in  the  case  which  we 
have  taken,  of  plucking  a  grape ;  or  may  these  steps 
become  obscure,  or  vanish  altogether  ? 

We  need  not  further  illustrate  the  former  connexion. 
Such  actions  as  we  have  described  are  called  voluntary 
actions.  In  extreme  cases,  the  mental  part  of  the  process 
is  obvious  enough.  But  we  may  gradually  pass  from 
these  to  cases  in  which  the  mental  operation  is  more  and 
more  obscure. 

In  walking,  in  speaking,  in  eating,  in  breathing,  our 
muscular  exertions  are  directed  by  our  sensations  and 
perceptions:  yet  in  such  processes,  how  dimly  are  we 
conscious  of  perceptive  and  directive  power !  How  the 
mind  should  be  able  to  exercise  such  a  power,  and  yet 
should  be  scarcely  or  not  at  all  conscious  of  its  exercise^ 
is  a  very  curious  problem.  But  in  all  or  in  most  of  the 
nbove  instances,  the  solution  of  this  problem  appears  to 

*  Life  and  Deaih^  p.  84: 
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depend  upon  psychological  rather  than  biological  prin- 
ciples, and  therefore  does  not  belong  to  this  place. 

22.  But  in  eases  at  the  other  extreme,  the  mental 
part  of  the  operation  vanishes  altogether.  In  many 
animals,  even  after  decapitation,  the  limbs  shrink  when 
irritated.  The  motions  of  the  iris  are  determined  by  the 
influence  of  light  on  our  eyes,  without  our  being  aware 
of  the  motions.  Here  sensations  produce  motions,  but 
with  no  trace  of  intervening  perception  or  will.  The 
sensation  appears  to  be  reflected  back  from  the  central 
element  of  animal  life,  in  the  form  of  a  muscular  contrac- 
tion; but  in  this  case  the  sensation  is  not  modified  or 
regulated  by  any  idea.  These  reflected  motions  have  no 
reference  to  relations  of  space  or  force  among  surround- 
ing objects.  They  are  blind  and  involuntary,  like  the 
movements  of  convulsion,  depending  for  direction  and 
amount  only  on  the  position  and  circumstances  of  the 
limb  itself  with  its  muscles.  Here  the  Centre  from  which 
the  reflection  takes  place  is  merely  animal,  not  intellec- 
tual. 

In  this  case  some  physiologists  have  doubted  whether 
the  reflection  of  the  sensation  in  the  form  of  a  muscular 
contraction  does  really  take  place  from  the  Centre;  and 
have  conceived  that  sensorial  impressions  might  aflect 
motor  nerves  without  any  communication  with  the  nerv- 
ous Centre.  But  on  this  subject  we  may,  I  conceive, 
with  safety  adopt  the  decision  of  Professor  Miiller,  deli- 
berately given  after  a  careful  examination  of  the  subject. 
"  When  impressions  made  by  the  action  of  external  stimuli 
on  sensitive  nerves  give  rise  to  motions  in  other  parts, 
these  motions  are  never  the  result  of  the  direct  reaction 
of  the  sensitive  and  motor  fibres  of  the  nerves  on  each 
other ;  the  initation  is  conveyed  by  the  sensitive  fibres 
to  the.  brain  and  spinal  cord,  and  is  by  these  communi- 
cated to  the  motor  fibres." 
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23.  Thus  we  have  two  extreme  cases  of  the  connexion 
of  sensation  with  muscular  action ;  in  one  of  which  the 
connexion  clearly  is^  and  in  the  other  it  as  clearly  is  noU 
determined  by  relations  of  Ideas,  in  its  transit  through 
the  nervous  Centre.  There  is  another  highly  curious  case, 
standing  intermediate  between  these  two,  and  extremely 
difficult  to  refer  to  either.  I  speak  of  the  case  of  //i- 
stinct 

Instinct  leads  to  actions  which  are  such  as  if  they 
were  determined  by  Ideas.  The  lamb  follows  its  mother" 
by  instinct ;  but  the  motions  by  which  it  does  this,  the 
special  muscular  exertions,  depend  entirely  upon  the 
geometrical  and  mechanical  relations  of  external  bodies, 
as  the  form  of  the  ground,  and  the  force  of  the  Mind. 
The  contractions  of  the  muscles  which  are  requisite  in 
order  that  the  creature  may  obey  its  instinct,  vary  with 
every  variation  of  these  external  conditions; — are  not 
determined  by  any  rule  or  necessity,  but  by  properties  of 
space  and  force.  Thus  the  action  is  not  governed  by 
sensations  directly,  but  by  sensations  moulded  by  ideas. 
And  the  same  is  the  case  with  other  cases  of  instinct. 
The  dog  hunts  by  instinct ;  but  he  hunts  certain  kinds  of 
animals  merely,  thus  showing  that  his  instinct  acts  ac^ 
cording  to  resemblances  and  differences ;  he  crosses  the 
field  repeatedly  to  find  the  track  of  his  prey  by  scent ; 
thus  recognising  the  relations  of  space  with  reference  to 
the  track ;  he  leaps,  adjusting  his  force  to  the  distance 
and  height  of  the  leap  with  mechanical  precision ;  and 
thus  he  practically  recognises  the  Ideas  of  Resemblance, 
Space,  and  Force. 

But  have  animals  such  Ideas  ?  In  any  proper  sense 
in  which  wo  can  speak  of  possessing  Ideas,  it  appears 
plain  that  th^y  have  not.  Animals  cannot,  at  Imy  time, 
be  said  properly  to  possess  ideas,  for  ideas  imply  tb^ 
possibility  of  speculative  knowledge. 
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24,  But  if  we  allow  to  animals  the  pradtical  posses^ 
sion  of  ideas,  we  have  still  a  great  difficulty  remainingt' 
In  the  case  of  man,  his  ideas  are  unfolded  gradually  by 
bis  intercourse  with  the  external  world.  The  child  learns 
to  distinguish  forms  and  positions  by  a  repeated  and 
incessant  use  of  his  hands  and  eyes ;  he  learns  to  walk» 
to  run,  to  leap,  by  slow  and  laborious  degrees ;  he  di»* 
tinguishes  one  man  from  another,  and  one  animal  from 
another,  only  after  repeated  mistakes.  Nor  can  we  con4 
eeive  this  to  be  otherwise.  How  should  the  child  know 
at  once  what  muscles  he  is  to  exert  in  order  to  touch 
with  his  hand  a  certain  visible  object  ?  How  should  h^ 
know  what  muscles  to  exert  that  he  may  stand  and  nol 
foil,  till  he  has  tried  often?  How  should  he  learn  to 
direct  his  attention  to  the  differences  of  different  faces 
and  persons,  till  he  is  roused  by  some  memory,  or  hope 
which  implies  memory  ?  It  seems  to  us  as  if  the  sensa* 
tions  could  not,  without  considerable  practice,  be  rightly 
referred  to  Ideas  of  Space,  Force,  Resemblance,  and  the 
like. 

Yet  that  which  thus  appears  impossible,  is  in  fact 
done  by  animals.  The  lamb  almost  immediately  after  its 
birth  follows  its  mother,  accommodating  the  actions  of. its 
muscles  to  the  form  of  the  ground.  The  chick,  just 
escaped  from  the  shell,  picks  up  a  minute  insect,  directing 
its  beak  with  the  greatest  accuracy.  Even  the  human 
infant  seeks  the  breast  and  exerts  its  muscles  in  sucking, 
almost  as  soon  as  it  is  born.  Hence,  then,  we  see  that 
Instinct  provinces  at  once  actions  regulated  by  Ideas,  or^ 
at  least,  which  take  place  as  if  they  were  regulated  by 
Ideas ;  although  the  Ideas  cannot  have  been  developed 
by  exercise,  and  only  appear  to  exist  so  far  as  such 
actions  are  concerned. 

25.  The  term  Instinct  may  properly  be  opposed  to  /»- 
sight.     The  former  implies  an  inward  principle  of  action, 
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implanted  within  a  creature  and  practically  impelling  it, 
but  not  capable  of  being  developed  into  a  subject  of  con- 
templation. While  the  instinctive  actions  of  animals  are 
directed  by  such  a  principle,  the  deliberate  actions  of  man 
are  governed  by  insight :  he  can  contemplate  the  ideal 
relations  on  which  the  result  of  his  action  depends.  He 
can  in  his  mind  map  the  path  he  will  follow,  and  esti- 
mate the  force  he  will  exert,  and  class  the  objects  he 

* 

has  to  deal  with,  and  determine  his  actions  by  the  rela^ 
tions  which  he  thus  has  present  to  his  mind.  He  thus 
possesses  Ideas  not  only  practically,  but  speculatively. 
And  knowing  that  the  Ideas  by  which  he  commonly  di- 
rects his  actions,  Space,  Cause,  Resemblance,  and  the  like, 
have  been  developed  to  that  degree  of  clearness  in  which 
be  possesses  them  by  the  assiduous  exercise  of  the  senses 
and  the  mind  from  the  earliest  stage  of  infancy,  and  that 
these  Ideas  are  capable  of  being  still  further  unfolded 
into  long  trains  of  speculative  truth,  he  is  unable  to  con- 
ceive the  manner  in  which  animals  possess  such  Ideas  as 
their  instinctive  actions  disclose: — Ideas  which  neither 
require  to  be  unfolded  nor  admit  of  unfolding;  which 
are  adequate  for  practical  purposes  vnthout  any  previous 
exercise,  and  inadequate  for  speculative  purposes  with 
whatever  labour  cultivated. 

I  have  ventured  to  make  these  few  remarks  on  In- 
stinct since  it  may,  perhaps,  justly  be  considered  as  the 
last  province  of  Biology,  where  we  reach  the  boundary 
line  of  Psychology.  I  have  now,  before  quitting  this 
subject,  only  one  other  principle  to  speak  of. 
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Chapter  VI. 
OF  THE  IDEA  OF  FINAL  CAUSES. 

1.  By  an  examination  of  those  notions  which  enter 
into  all  our  reasonings  and  judgments  on  living  things,  it 
appeared  that  we  conceive  animal  life  as  a  vortex  or  cycle 
of  moving  matter  in  which  the  form  of  the  vortex  deter- 
mines the  motions,  and  these  motions  again  support  the 
form  of  the  vortex :  the  stationary  parts  circulate  the 
fluids,  and  the  fluids  nourish  the  permanent  parts.  Each 
portion  ministers  to  the  others,  each  depends  upon  the 
other.  The  parts  make  up  the  whole,  but  the  existence 
of  the  whole  is  essential  to  the  preservation  of  the  parts. 
But  parts  existing  under  such  conditions  are  organs^  and 
the  whole  is  organized.  This  is  the  fundamental  concep- 
tion of  organization.  "Organized  beings,"  says  the  physio- 
logist*, "are  composed  of  a  number  of  essential  and 
mutually  dependent  parts."  "  An  organized  product  of 
nature,"  says  the  great  metaphysician f,  "is  that  in  which 
all  the  parts  are  mutually  ends  and  means." 

2.  It  will  be  observed  that  we  do  not  content  our- 
selves with  saying  that  in  such  a  whole,  all  the  parts  are 
mutualh/  dependent.  This  might  be  true  even  of  a  me- 
chanical structure ;  it  would  be  easy  to  imagine  a  frame- 
work in  which  each  part  should  be  necessary  to  the 
support  of  each  of  the  others;  for  example,  an  arch  of 
several  stones.  But  in  such  a  structure  the  parts  have 
no  properties  which  they  derive  from  the  whole.  They 
are  beams  or  stones  when  separate ;  they  are  no  more 
when  joined.  But  the  same  is  not  the  case  in  an 
organized  whole.     The  limb  of  an  animal  separated  from 

*  Mdller,  Elem.^  p.  18. 
t  Kant,  UrtheiUkra/t,  p.  296. 
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the  body,  loses  the  properties  of  a  limb  and  soon  ceases 
to  retain  even  its  fomi, 

3.  Nor  do  we  content  ourselves  with  saying  that  the 
parts  are  mutuaUy  causes  and  effects.  This  is  the  case 
in  machinery.  In  a  clock,  the  pendulum  by  means  of 
the  escapement  causes  the  descent  of  the  weight,  the 
weight  by  the  same  escapement  keeps  up  the  motion  of 
the  pendulum;  But  things  of  this  kind  may  happen  by 
ac(iident.  Stones  slide  from  a  rock  down  the  side  of  ft 
hill  and  cause  it  to  be  smooth ;  the  smoothness  of  the 
slope  causes  stones  still  to  slide.  Yet  no  one  would  call 
6uch  a  slide  an  organized  system.  The  system  is  organ- 
ized, when  the  effects  which  take  place  among  the  jiarts 
are  essential  to  our  conception  of  the  wlide ;  when  the 
whole  M'ould  not  he  a  whole,  nor  the  parts,  parts,  except 
these  effects  were  produced ;  when  the  effects  not  only 
happen  in  fact,  but  are  included  in  the  idea  of  the  object ; 
when  they  are  not  only  seen,  but  foreseen ;  not  only  ex- 
pected, but  intended :  in  short  when,  instead  of  being 
causes  and  effects,  they  are  ends  and  means,  as  they  are 
termed  in  the  above  definition. 

Thus  we  necessarily  include,  in  our  Idea  of  Organi- 
sation, the  notion  of  an  end,  a  purpose,  a  design  ;  or,  to 
use  another  phrase  which  has  been  peculiarly  appro^ 
priated  in  this  case,  a  Final  Cause.  This  idea  of  a  Final 
Cause  is  an  essential  condition  in  order  to  the  pursuing 
our  researches  respecting  organized  bodies. 

4.  This  Idea  of  Final  Cause  is  not  deduced  from  the 
phenomena  by  reasoning,  but  is  assumed  as  the  only  con- 
dition under  which  we  can  reason  on  such  subjects  at  all. 
We  do  not  deduce  the  Idea  of  Space,  or  Time,  or  effi- 
cient Cause  from  the  phenomena  about  us,  but  necessarily 
Ibok  at  phenomena  as  subordinate  to  these  Ideas  from 
the  beginning  of  our  reasoning.  It  is  true,  our  ideas  of 
relations  of  Space,  and  Time,  and  Force  may  become 
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much  more  clear  by  our  familiarizing  ourselves  :with  par* 
tioular  phenomena  t  but  still,  the  Fundamental  Ideas  are 
not  generated  but  unfolded;  not  extracted  from  the 
external  world,  but  evolved  from  the  world  within.  In 
like  manner,  in  the  contemplation  of  organic  structures, 
we  consider  each  part  as  subservient  to  some  use,  and  we 
cannot  study  the  structure  as  organic  without  such  a 
Conception.  This  notion  of  adaptation, — this  Idea  of  an 
End, — may  become  much  more  clear  and  impressive  by 
seeing  it  exemplified  in  particular  cases.  But  still, 
though  suggested  and  evoked  by  special  cases,  it  is  not 
furnished  by  them.  If  it  be  not  supplied  by  the  mind 
Itself,  it  can  never  be  logically  deduced  from  the  pheno^ 
mena.  It  is  not  a  portion  of  the  facts  which  we  study, 
but  it  is  a  principle  which  connects,  includes,  and  renders 
them  intelligible;  as  our  other  Fundamental  IdeiEis  do 
the  classes  of  facts  to  which  they  respectively  apply. 

5.  This  has  already  been  confirmed  by  reference  to 
fact;  in  the  History  of  Physiology,  I  have  shown  that  those 
who  studied  the  structure  of  animals  were  irresistibly  led 
to  the  conviction  that  the  parts  of  this  structure  have 
each  its  end  or  purpose ; — that  each  member  and  organ 
not  merely  produces  a  certain  effect  or  answers  a  certain 
use,  but  is  so  framed  as  to  impress  us  with  the  persuasion 
that  it  was  constructed yb^*  that  use : — that  it  was  intended 
to  produce  the  effect.  It  was  there  seen  that  this  per« 
suasion  was  repeatedly  expressed  in  the  most  emphatic 
manner  by  Galen ; — ^that  it  directed  the  researches  and 
led  to  the  discoveries  of  Harvey; — that  it  has  always 
been  dwelt  upon  as  a  favourite  contemplation,  and  fol^- 
lowed  as  a  certain  guide,  by  the  best  anatomists ; — and 
that  it  is  inculcated  by  tbe  physiologists  of  the  profoundest 
views  and  most  extensive  knowledge  of  our  own  time* 
All  these  persons  have  deemed  it  a  most  certain  and  im^ 
portant  principle  of  physiology,  that  in  every  organixed 
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strncture,  plant  or  animal,  each  intelligible  part  lias  its 
allotted  office : — each  organ  is  designed  for  its  appropriate 
function : — that  nature,  in  these  cases,  produces  nothing 
in  vain :  that,  in  short,  each  portion  of  the  whole  arrange- 
ment has  its  final  came ;  an  end  to  which  it  is  adapted, 
and  in  this  end,  the  reason  that  it  is  where  and  what 
it  is. 

6.  This  Notion  of  Design  in  organized  bodies  must,  I 
)Bay,  be  supplied  by  the  student  of  organization  out  of 
his  own  mind:  a  truth  which  will  become  clearer  if 
we  attend  to  the  most  conspicuous  and  acknowledged 
instances  of  design.  The  structure  of  the  eye,  in  which 
the  parts  are  curiously  adjusted  so  as  to  produce  a  distinct 
image  on  the  retina,  as  in  an  optical  instrument; — the 
trochlear  muscle  of  the  eye,  in  which  the  tendon  passes 
r6und  a  support  and  turns  back,  like  a  rope  round  a 
pulley; — the  prospective  contrivances  for  the  preservation 
of  animals,  provided  long  before  they  are  wanted,  as  the 
inilk  of  the  mother,  the  teeth  of  the  child,  the  eyes  and 
lungs  of  the  foetus : — these  arrangements,  and  innumer- 
iable  others,  call  up  in  us  a  persuasion  that  Design  has 
entered  into  the  plan  of  animal  form  and  progress.  And 
if  we  bring  in  our  minds  this  conception  of  Design,  nothing 
can  more  fiilly  square  with  and  fit  it,  than  such  instances 
as  these.  But  if  we  did  not  already  possess  the  Idea  of 
Design ; — ^if  we  had  not  had  our  notion  of  mechanical 
contrivance  awakened  by  inspection  of  optical  instruments, 
or  pulleys,  or  in  some  other  way ; — if  we  had  never  been 
conscious  ourselves  of  providing  for  the  future ; — if  this 
were  the  case,  we  could  not  recognise  contrivance  and 
prospectiveness  in  such  instances  as  we  have  referred  to. 
The  facts  are,  indeed,  admirably  in  accordance  with  these 
conceptions,  when  the  two  are  brought  together :  but  the 
facts  and  the  conceptions  come  together  from  different 
quarters — ^from  without  and  from  within. 
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7.  We  may  farther  illustrate  this  point  by  referring 
to  the  relations  of  travellers  who  tell  us  that  when  con- 
summate examples  of  human  mechanical  contrivance 
have  been  set  before  savages,  they  have  appeared  inca- 
pable of  apprehending  them  as  proofs  of  design.  This 
shows  that  in  such  cases  the  Idea  of  Design  had  not 
been  developed  in  the  minds  of  the  people  who. were 
thus  unintelligent :  but  it  no  more  proves  that  such  an 
idea  does  not  naturally  and  necessarily  arise,  in  the  pro- 
gress of  men's  minds,  than  the  confused  manner  in 
which  the  same  savages  apprehend  the  relations  of  space, 
or  number,  or  cause,  proves  that  these  ideas  do  not 
naturally  belong  to  their  intellects.  All  men  have  these 
ideas ;  and  it  is  because  they  cannot  help  referring  their 
sensations  to  such  ideas,  that  they  apprehend  the  world 
as  existing  in  time  and  space,  and  as  a  series  of  causes 
and  effects.  It  would  be  very  erroneous  to  say  that  the 
beUef  of  such  truths  is  obtained  by  logical  rea«>ning 
from  facts.  And  in  like  manner  we  cannot  logicaUy 
deduce  design  from  the  contemplation  of  organic  struc- 
tures; although  it  is  impossible  for  us,  when  the  facts 
are  clearly  before  us,  not  to  find  a  reference  to  design 
operating  in  our  minds. 

8.  Again;  the  evidence  of  the  doctrine  of  final 
Causes  as  a  fundamental  principle  of  Biology  may  be 
obscured  and  weakened  in  some  minds  by  the  constant 
habit  of  viewing  this  doctrine  with  suspicion  as*  unphi- 
losophical  and  at  variance  with  morphology.  By  che^ 
rishing  such  views  it  is  probable  that  many  personc^ 
physiologists  and  others,  have  gradually  brought  them- 
selves to  suppose  that  many  or  most  of  the  arrange- 
ments which  are  feuniliariy  adduced  as  instances  of  design 
may  be  accounted  for,  or  explained  away ; — ^that  there  iB 
a  certain  degree  of  prejudice  and  narrown^  of  compre- 
hension in  that  lively  admiration  of  the  adaptation  of 

VOL.  n.  o 
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YneanB  to  ends  which  common  minds  derive  from  the 
spectacle  of  organic  arrangements.  And  yet»  even  in 
persons  acoustomed  to  these  yiews»  the  strong  and  natui- 
lal  influence  of  the  Idea  of  a  Final  Cause,  the  spon- 
taneous roeognition  of  the  relation  of  means  to  an  end 
lui  the  assumption  which  makes  organic  arrangements 
intelligible,  breaks  forth  when  we  bring  before  them  a 
new  case,  with  regard  to  which  their  genuine  convictions 
have  not  yet  been  modified  by  their  intellectual  habits. 
I  will  offer,  as  an  example  which  may  serve  to  illustrate 
this,  the  discoveries  recently  made  with  regard  to  the 
process  of  suckling  of  the  kangaroo.  In  the  case  of  this, 
as  of  other  pouched  animals,  the  young  animal  is  re- 
moved* while .  very  small  and  imperfectly  formed,  from 
the  womb  to  the  pouch,  in  which  the  teats  are,  and  is 
there  placed  with  its  lips  against  one  of  the  nipples.  But 
the  young  animal  taken  altogether  is  not  so  large  as 
the  nipple,  and  is  therefore  incapable  of  sucking  after 
the  manner  of  common  mammals.  Here  is  a  difficulty: 
how  is  it  overcome  ? — By  an  appropriate  contrivance :  the 
nipple,  which  in  common  mammals  is  not  furnished  with 
any  muscle,  is  in  the  kangaroo  provided  with  a  powerful 
extrusory  muscle  by  which  the  mother  can  inject  the 
milk  into  the  mouth  of  her  offspring.  And  again;  in 
order  to  give  attachment  to  this  muscle  there  is  a  bone 
which  is  not  found  in  animals  of  other  kinds.  But  this 
mode  of  solving  the  problem  of  suckling  so  small  a 
^ureatiire  introduces  another  difficulty.  If  the  milk  is 
injected  into  the  mouth  of  the .  young  one,  without  any 
action  of  its  own  muscles,  what  is  to  prevent  the  fluid 
-^tering  the  windpipe  and  producing  suffocation  t  How 
is  this  danger  avoided?— -By  another  appropriate  can- 
itisMnce:  liiere  is.  a  funnel  in  the  back  of  the  throat  by 
which  the  air  passage  is  completely  separated  from  the 
{)assage  for  nutriment,  and  the  injected  milk  passes  in  a 
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divided  stream  on  each  side  of  the  larynx  to  the  oeso^ 
phagtts*.  And  as  if  to  show  that  this  apparatus  is  really 
fbrmed  with  a  view  to  the  wants  of  the  young  one,  the 
structure  alters  in  the  course  of  the  animal's  growth ;  and 
the  ftinnel,  no  longer  needed,  is  modified  and  disappears. 
With  regard  to  this  and  similar  examples,  the  remark 
which  I  would  urge  is  this : — that  no  one,  however  pre-» 
Judieed  or  unphilosophical  he  may  in  general  deem  thd 
reference  to  Final  Causes,  can,  at  the  first  impression^ 
help  regarding  this  curious  system  of  arrangement  as 
the  means  to  an  end.  So  contemplated,  it  becomes 
significant,  intelligible,  admirable :  without  such  a  prin« 
dple,  it  is  an  unmeaning  complexity,  a  collection  of  con-i 
tradictions,  producing  an  almost  impossible  result  by  a 
portentous  conflict  of  chances.  The  parts  of  this  appara^^ 
tus  cannot  have  produced  one  another;  one  part  is  in 
the  mother;  another  part  in  the  young  one:  without 
their  harmony  they  could  not  be  effective ;  but  nothing 
except  design  can  operate  to  make  them  harmonious. 
They  are  intended  to  work  together ;  and  we  cannot  resist 
the  conviction  of  this  intention  when  the  facts  first  come 
before  us.  Perhaps  there  may  hereafter  be  physiolo* 
gists  who,  tracing  the  gradual  development  of  the  parts 
of  which  we  have  spoken,  and  the  analogies  which  con* 
nect  them  with  the  structures  of  other  animals,  may  think 
that  this  development,  these  analogies,  account  for  the 
conformation  we  have  described ;  and  may  hence  think 
lightly  of  the  explanation  derived  from  the  reference 
to  Final  Causes.  Yet  surely  it  is  clear,  on  a  calm  con« 
sideration  of  the  subject,  that  the  latter  explanation  is 
not  disturbed  by  the  former ;  and  that  the  observer's 
first  impression,  that  this  is  ''an  irrefragable  evidence 
of  creative  foresight  f,"  can  never  be  obliterated ;  how- 

•  Mr.  OwBN,  in  Phil.  Trans.,  1834,  p.  348.         t  lb.  p.  349. 
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^ver  muoh  it  may  be  Obsoured.in  the  minds  of  tii06e 
who  cohftise  this  view  by.  mixing  it  with  others  which 
are  utteriy  heterogeneous  to  it,  and  therefore  cannot  be 
contradictory. 

9*.  I  have  elsewhere*  remarked  how  physiologists, 
who  thus  look  with  suspicion  and  dislike  upon  the 
introduction  of  Final  Causes  into  physiology,  have  still 
been  unable  to  exclude  from  their  speculations  causes 
of  this  kind.  Thus  Cabanis  saysf,  "I  regard  with 
the  great  Bacon,  the  philosophy  of  Final  Causes  as 
sterile ;  but  I  have  elsewhere  acknowledged  that  it  was 
veiy  difficult  for  the  most  cautious  man  never  to  have 
recourse  to  them  in  his  explanations."  Accordingly,  he 
says,  *^  The  partisans  of  Final  Causes  nowhere  find  argu- 
ments so  strong  in  favour  of  their  way  of  looking  at 
nature  as  in  the  laws  which  preside  and  the  circumstances 
of  all  kinds  which  concur  in  the  reproduction  of  living 
races.  In  no  case  do  the  means  employed  appear  so 
clearly  relative  to  the  end."  And  it  would  be  easy  to  find 
similar  acknowledgments,  express  or  virtual,  in  other  wri- 
ters of  the  same  kind.  Thus  Bichat,  after  noting  the  dif- 
ference between  the  organic  sensibility  by  which  the  organs 
are  made  to  perform  their  offices,  and  the  animal  sensi- 
bility of  which  the  nervous  centre  is  the  seat,  sayst,  "  No 
doubt  it  will  be  asked,  whj/^' — that  is,  as  we  shall  see,  for 
what  end — "  the  organs  of  internal  life  have  received  from 
nature  an  inferior  degree  of  sensibility  only,  and  why 
they  do  not  transmit  to  the  brain  the  impressions  which 
they  receive,  while  all  the  acts  of  the  animal  life  imply 
this  transmission  ?  The  reason  is  simply  this,  that  all  the 
phenomena  which  establish  our  connexions  with  surround- 
ing objects  ought  to  be^  and  are  in  fact^  under  the  influence 

•  BridgevMUer  Treatmy  p.  352. 

t  RapparU  de  Phynque  et  du  Morale  i.  299. 

:(  Li/e  and  Deatk^  (timos.)  p.  32. 
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of  the  will ;  while  all  those  which  serve  for  the  purpose 
of  assimilation  only,  escape,  and  oiyht  indeed  to  escape, 
such  influence."  The  reason  here  assigned  is  the  Final 
Cause;  which,  as  Bichat  justly  says,  we  cannot  help 
asking  for. 

10.  Again ;  I  may  quote  from  the  writer  last  men- 
tioned another  remark,  which  shows  that  in  the  organical 
sciences,  and  in  them  alone,  the  Idea  of  forces  as  Means 
acting  to  an  End,  is  inevitably  assumed  and  acknowledged 
as  of  supreme  authority.  In  Biology  alone,  observes 
Bichat*,  have  we  to  contemplate  the  state  of  disease. 
"  Physiology  is  to  the  movements  of  living  bodies,  what 
astronomy,  dynamics,  hydraulics,  &c.,  are  to  those  of 
inert  matter :  but  these  latter  sciences  have  no  branches 
which  correspond  to  them  as  pathology  corresponds  to 
physiology.  For  the  same  reason  all  notion  of  a  medica- 
ment  is  repugnant  to  the  physical  sciences.  A  medica- 
ment has  for  its  object  to  bring  the  properties 'of  the 
system  back  to  their  natural  type ;  but  the  physical  pro- 
perties never  depart  from  this  type,  and  have  no  need  to 
be  brought  back  to  it :  and  thus  there  is  nothing  in  the 
physidetl  sciences  which  holds  the  place  of  therapeutick  in 
physiology.**  Or,  as  we  might  express  it  otherwise,  of  inert 
forces  we  have  no  conception  of  what  they  ought  to  do, 
except  what  they  do.  The  forces  of  gravity,  elasticity, 
aflinity,  never  act  in  a  diseased  manner ;  we  never  con- 
ceive them  as  failing  in  their  purpose;  for  we  do  not 
conceive  them  as  having  any  purpose  which  is  answered  by 
6de  mode  of  their  action  rather  than  another.  But  with 
oiganical  forces  the  case  is  different ;  they  are  necessarily 
conceived  as  acting  for  the  preservation  and  develop- 
ment of  the  system  in  which  they  reside.  If  they  do  not 
do  this,  they  foil,  they  are  deranged,  diseased.  They 
have  for  their  object  to  conform  the  living  being  to  a 

*  Atkticmie  Gmeraley  i.  liij. 
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certain  type;  and  if  they  cause  or  allow  it  to  deviate  from 
this  type,  their  action  is  distorted,  morbid,  contrary  to  the 
ends  of  nature.  And  thus  this  conception  of  organised 
beings  as  susceptible  of  disease,  implies  the  recognition  of 
a  state  of  health,  and  of  the  organs  and  the  vital  forces  as 
means  for  preserving  this  normal  condition.  The  state  of 
health  and  of  perpetual  development  is  necessarily  con- 
templated as  the  Final  Cause  of  the  processes  and  powers 
with  which  the  different  parts  of  plants  and  animals  are 
endowed. 

11.  This  Idea  of  a  Final  Cause  is  applicable  as  a  fun- 
damental and  regulative  idea  to  our  speculations  concern- 
ing organized  creatures  only.  That  there  is  a  purpose  in 
many  other  parts  of  the  creation,  we  find  abundant  reason 
to  believe  from  the  arrangements  and  laws  which  prevail 
around  us.  But  this  persuasion  is  not  to  be  allowed  to 
regulate  and  direct  our  reasonings  with  regard  to  inor- 
ganic matter,  of  which  conception  the  relation  of  means 
and  end  forms  no  essential  part.  In  mere  Physics,  Final 
CauseSy  as  Bacon  has  observed,  are  not  to  be  admitted  as 
a  principle  of  reasoning.  But  in  the  organical  sciences, 
the  assumption  of  design  and  purpose  in  every  part  of 
every  whole,  that  is,  the  pervading  idea  of  Final  Cause, 
is  the  bams  of  sound  reasoning  and  the  source  of  true 
doctrine. 

12.  The  Idea  of  Final  Cause,  of  end,  purpose,  design, 
intention,  is  altogether  different  from  the  Idea  of  Cause, 
as  efficient  cause,  which  we  formerly  had  to  consider ;  and 
on  this  account  the  use  of  the  word  Cause  in  this  phrase 
has  been  objected  to.  If  the  idea  be  clearly  entertained 
and  steadily  applied,  the  word  is  a  question  of  subordinate 
importance.  The  term  Final  Cause  has  been  long  fami- 
liarly used,  and  appears  not  likely  to  lead  to  confusion, 

13.  The  consideration  of  Final  Causes,  both  in  phy- 
siology and  ip  other  subjects,  has  at  all  times  attracted 
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much  attention,  in  consequence  of  Its  bearing  upon  tbo 
belief  of  an  Intelligent  Author  of  the  Univerae*  I  do 
not  intend,  in  this  place,  to  pursue  the  subject  far  in  this 
Tiew:  but  there  is  one  antithesis  of  opinion,  already 
noticed  in  the  History  of  Physiology,  on  which  I  will  again 
make  a  few  remarks*. 

It  has  appeared  to  some  persons  that  the  mere  aspect 
of  order  and  symmetry  in  the  works  of  nature — tk9 
contemplation  of  coiiiprehensiYe  and  consistent  law-^-^ls 
safficient  to  lead  us  to  the  conception  of  a  design 
and  intelligence  producing  the  order  and  carrying  into 
eiTeot  the  law.  Without  here  attempting  to  dCQide 
whether  this  is  true,  we  may  discerui  after  what  has 
been  said,  that  tlie  conception  of  design,  arriyed  at  in 
tins  manner,  is  altogether  different  from  that  idea  of 
design  which  is  suggested  to  us  by  organised  bodiesi 
and  which  we  describe  as  the  doctrine  of  Final  Causes, 
The  regular  form  of  a  crystal*  whatcTer  beautiful  syqi^ 
metry  it  may  exhibit,  whatever  general  laws  it  jsj^y 
exemplify,  does  not  prove  design  in  the  same  manneir  in 
which  design  Is  proved  by  the  provisions  for  the  pf^ser- 
vation  and  growth  of  the  seeds  of  plants,  and  of  the  young 
of  animals.  The  law  of  universal  gravitation,  however 
widd  and  simple,  does  not  impress  us  with  the  belief  of 
a  purpose,  as  does  that  propensity  by  which  the  two  seizes 
of  each  animal  are  brought  together.  If  it  could  be  shown 
that  the  symmetrical  structure  of  a  flower  results  from 
laws  of  the  same  kind  as  those  which  determine  tjhe  legu-* 
lar  fonns  of  crystals,  or  the  motions  of  the  plauQts^  the 
discovery  might  be  very  striking  and  important^  but  it 
would  not  at  all  come  under  our  idea  of  Final  Cause. 

14.  Accordingly,  there  have  been,  in  modem  times, 
two  difiereAt  schools  of  physiologists^  the  one  preceding 

^  Jffut.  Ind.  Shi,  b.  zvii.,  cbap.  8.  On  the  Doetrfne  of  Final 
Cuissi  is  Jfkpklogy. 
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upon  the  idea  of  Final  Causes,  the  other  school  seeking 
in  the  realm  of  organized  bodies  wide  laws  and  analogies 
from  which  that  idea  is  excluded.  All  the  great  biolo- 
gists of  preceding  times,  and  some  of  the  greatest  of 
modem  times,  have  belonged  to  the  former  school ;  and 
especially  Cuvier,  who  may  be  considered  as  the  head  of 
it.  It  was  solely  by  the  assiduous  application  of  this 
principle  of  Final  Cause,  as  he  himself  constantly  declared, 
that  he  was  enabled  to  make  the  discoyeries  which  have 
rendered  his  name  so  illustrious,  and  which  contain  a  far 
larger  portion  of  important  anatomical  and  biological 
truth  than  it  ever  before  fell  to  the  lot  of  one  man  to 
contribute  to  the  science. 

16.  The  opinions  which  have  been  put  in  opposition 
to  the  principle  of  Final  Causes  have,  for  the  most  part, 
been  stated  vaguely  and  ambiguously.  Among  the  most 
definite  of  such  principles,  is  that  which,  in  the  History 
of  the  subject,  I  have  termed  the  Principle  of  metamor- 
jdioeed  and  developed  Symmetry,  upon  which  has  been 
finmded  the  science  of  Morphology. 

The  reality  and  importance  of  this  principle  are  not 

to  be  denied  by  us :  we  have  shown  how  they  are  proved 

by  its  application  in  various  sciences,  and  especially  in 

botany.     But  those  advocates  of  this  principle  who  have 

placed  it  in  antithesis  to  the  doctrine  of  Final  Causes, 

have  by  this  means  done  far  more  injustice  to  their  own 

fimmrite  doctrine  than  damage  to  the  one  which  they 

opposed.    The  adaptation  of  the  bones  of  the  skeleton  to 

the  muscles,  the  provision  of  fulcrums,  projecting  pro- 

oesses,  channels,  so  that  the  motions  and  forces  shall 

be  such  as  the  needs  of  life  require,   cannot  possibly 

become  less  striking  and  convincing,  from  any  discovery 

€i  general  analogies  of  one  animal  frame  with  another, 

or  of  laws  connecting  the  development  of  different  parts. 

Whenerer  such  laws  are  diseoveied,  we  can  only  consider 
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them  as  the  means  of  producing  that  adaptation  which 
we  so  much  admire.  Our  conviction  that  the  Artist 
works  intelligently,  is  not  destroyed,  though  it  may  be 
modified  and  transferred,  when  we  obtain  a  sight  of  his 
tools.  Our  discovery  of  laws  cannot  contradict  our  per- 
suasion of  ends;  our  Morphology  cannot  piejudice  our 
Teleology. 

16.  The  irresistible  and  constant  apprehension  of  a 
purpose  in  the  forms  and  functions  of  animals  has  intro- 
duced into  the  writings  of  speculators  on  these  subjects 
various  forms  of  expression,  more  or  less  precise,  more  or 
less  figurative ;  as,  that  animals  are  framed  with  a  view 
to  the  part  which  they  have  to  play ; — ^that  nature  does 
nothing  in  vain ;  that  she  employs  the  best  means  for  her 
ends ;  and  the  like.  However  metaphorical  or  inexact  any 
of  these  phrases  may  be  in  particular,  yet  taken  altogether, 
they  oonvey,  clearly  and  definitely  enough  to  preclude  any 
serious  error,  a  principle  of  the  most  profound  reality  and 
of  the  highest  importance  in  the  organical  sciences.  But 
some  adherents  of  the  morphological  school  of  which  I 
have  spoken  reject,  and  even  ridicule,  all  such  modes  of 
expression.  **  I  know  nothing,''  says  M .  Geoffrey  Saint 
Hilaire,  **  of  animals  which  have  to  play  a  part  in  nature. 
I  cannot  make  of  nature  an  intelligent  being  who  does 
nothing  in  vain;  who  acts  by  the  shortest  mode;  who 
does  all  for  the  best."  The  philosophers  of  this  school, 
therefore,  do  not,  it  would  seem,  feel  any  of  the  admira- 
tion which  is  irresistibly  excited  in  all  the  rest  of  man- 
kind at  the  contemplation  of  the  various  and  wonderful 
adaptations  for  the  preservation,  the  enjoyment,  the  con- 
tinuation of  the  creatures  which  people  the  globe ; — at 
the  survey  of  the  mechanical  contrivance^^  the  chemical 
igencies,  the  prospective  arrangements,  the  compensa- 
thupj  the  minute  adaptations,  the  comprehensive  inter- 
dip«Ddewie%  which  zobI<^  and  physiology  have  brought 
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into  vioWy  niore  and  more^  the  iiirther  their  retearohes 
baTO  been  carried.  Yet  tlie  dear  and  deep*8eated  con- 
"viction  of  the  reality  of  these  provisionsy  whieh  the  study 
of  anatomy  produces  in  its  most  profound  and  accurate 
eultivatorsy  cannot  be  shaken  by  any  objections  to  the 
metaphors  or  terms  in  ii^hich  this  conviction  is  clothed. 
In  regard  to  the  Idea  of  a  Purpose  in  organization,  as  in 
regard  to  any  other  idea»  we  cannot  fully  express  our 
meaning  by  phrases  borrowed  from  any  extraneous  source; 
but  that  impossibility  arises  precisely  from  the  circum- 
stance of  its  being  a  Fundamental  Idea  which  is  ineVit* 
ably  assumed  in  our  representation  of  each  special  fact. 
The  same  objection  has  be€(n  made  to  the  idea  of  mecha- 
nical force^  on  account  of  its  being  often  expressed  in 
metaphorical  language;  for  writers  have  spoken  of  an 
^^^^9^9  ^^y  ^^  solicitation  to  motion ;  and  bodies  have 
been  said  to  be  animated  by  a  force.  Such  language,  it 
has  been  urged,  Impliies  volition,  and  the  act  of  animated 
beings.  But  the  idea  of  force  as  distinct  from  mere 
motion^— *as  the  cause  of  motion,  or  of  tendency  to 
motion,—- is  not  on  that  account  less  real.  We  endeavour 
in  vain  to  conduct  our  mechanical  reasonings  without  the 
aid  of  this  idea,  and  must  express  it  as  we  can.  Just  as 
little  can  we  reason  concerning  organized  beings  without 
assuming  that  each  part  has  its  function,  each  function 
its  purpose ;  and  so  far  as  our  phrases  imply  this,  they 
will  not  mislead  us,  however  inexact,  or  however  figu<^ 
rative  they  be. 

17.  The  doctrine  of  a  purpose  in  organixatlon  has 
been  sometimes  called  the  doctrine  of  the  Cimditiona  of 
EsfUftencei  and  has  been  stated  as  teaching  that  each 
animal  must  be  so  framed  as  to  contain  in  its  structure 
the  conditions  which  its  existence  requires.  When  ex- 
pressed in  this  manner,  it  has  given  rise  to  the  ol^eotion, 
that  it  m«rdy  olBmi  itn  identieiJ  pro^oaitiQil  i  dnoe  no 
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animal  can  exist  without  such  conditions.    But  in  reality, 
such  expressions  as  those  just  quoted  give  an  inadequate 
statement  of  the  Principle  of  a  Final  Cause.     For  we 
discover  in  Innumerable  cases,  arrangements  in  an  animlil, 
of  which  we  see^  indeed,  that  they  are  subservient  to  its 
well  being ;  but  the  nature  of  which  we  never  should 
have  been  able  at  all  to  coi\jecture,  from  considering 
what  was  necessary  to  its  existence,  and  which  strike  :US| 
no  less  by  their  unexpectedness  than  by  thqir  adaptation ; 
so  far  are  they  from  from  being  presented  by  any  -ffe^ 
ceptible  necessity.     Who  would  venture  to  say  that  the 
trochlear  muscle,  or  the  power  of  articulate  speech,  must 
occur  in  man,  because  they  are  the  necessary  conditions 
of  his  existence?     When,  indeed,  the  general  scheme 
and  mode  of  being  of  an  animal  are  known,  the  expert 
and  profound  anatomist  can  reason  concerning  the  pro-> 
portions  and  form  of  its  various  parts  and  organs,  and 
prove  in  some  measure  what  their  relations  must  be. 
We  can  assert,  with  Cuvier,  that  certain  forms  of  the 
viscera  require  certain  forms  of  the  teeth,  certain  forms 
of  the  limbs,  certain  powers  of  the  senses.     But  in  all 
thisy  the  functions  of  self-nutrition  and  digestion  are  sup- 
posed already  existing  as  ends :  and  it  being  taken  ,-.foT 
granted,  as  the  only  conceivable  basis  of  reasonii\g,  that 
the  organs  are  means  to  these. ends,  we  may  discover 
what  modifications  of  these  organs  are  necessarily  related 
to  and  connected  with  each  other.     Instead  of  terming 
this  rule  of  speculation  merely  ^*  the  principle  of  the  con- 
ditions of  existence,"  we  might  term  it  ^*  the  principle  of 
the  conditions  of  organs  as  means  adapted  to   animal 
existence  as  their  end"     And  how  far  this  principle  is 
from  being  a  mere  barren  truism,  the  extraordinary  dis- 
coveries made  by  the  great  assertor  of  the  principlOf  and 
universally  assented  to  by  naturalists,  abundantly  prove. 
The  vast  extinct  creation  which  is  recalled  to  life  in 
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CuTier*8  great  work,  the  Ossemens  Fossiks^  cannot  be  the 
consequence  of  a  mere  identical  propointion. 

18*   It  has  been  objected,  also,  that  the  doctrine  of 
Final  Causes  supposes  us  to  be  acquainted  with  the  inten- 
tions of  the  Creator;  which,  it  is  insinuated,  is  a  most 
presumptuous  and  irrational  basis  for  our  reasonings. 
Bat  there  can  be  nothing  presumptuous  or  irrational  in 
reasoning  on  that  basis,  which  if  we  reject,  we  cannot 
reason  at  all.     If  men  really  can  discern,  and  cannot 
help  discerning,  a  design  in  certidn  portions  of  the  works 
of  creation,  this  perception  is  the  soundest  and  most 
satisfiBtctory   ground    for  the   convictions    to  which    it 
leads.     The  Ideas  which  we  necessarily  employ  in  the 
contemplation  of  the  world  JEiround  us,   afford  us  the 
only  natural  means  of  forming  any  conception  of  the 
Creator  and  Groy^tnor  of  the  Universe ;  and  if  we  are  by 
such  means  enabled  to  elevate  our  thoughts,  however 
inadequately,  towards  Him,  where  is  the  presumption  of 
doing  so  ?  or  rather,  wh^re  is  the  wisdom  of  refusing  to 
open  our  minds  to  contemplations  so  animating  and  ele- 
vating, and  yet  so  entirely  convincing?    We  possess  the 
ideas  of  time  and  spiace,  under  which  all  the  objects  of 
the  universe  present  themselves  to  us ;  and  in  virtue  of 
these  ideas  thus  possessed,  we  believe  the  Creator  to  be 
eternal  and  omnipotent     "Wlien  we  find  that  we,  in  like 
nianner,  possess  the  idea  of  a  Design  in  Creation,  and 
that  with  regard  to  ourselves,  and  creatures  more  or  less 
resembling  ourselves,  we  cannot  but  contemplate  their 
constitution  under  this  idea,  we  cannot  abstain  from 
ascribing  to  the  Creator  the  infinite    profundity  and 
extent  of  design  to  which  all  these  special  instances 
belong  as  parts  of  a  whole. 

19.  I  have  here  considered  Design  as  manifest  in 
oigudzation  only :  for  in  that  field  of  speculation  it  is 
forced  upon  ut  ai  coatdtaed  in  all  the  phenomena,  and 
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M  the  only  modo  of  our  understanding  them.     Th<e 
existence  of  Final  Causes  has  often  been  pointy  out 
in  other  portions  of  the  creation; — in  the  apparent 
adaptations  of  the  various  parts  of  the  earth  and  of  the 
solar  system  to  each  other  and  to  organised  beings.  -  In 
these  provinces  of  speculation,  however,  the  principle  oi? 
Final  Causes  is  no  longer  the  basis  and  guide,  but  the 
sequel  and  result  of  our  physical  reasonings.     If  in  look* 
ing  at  the  universe  we  follow  the  widest  analogies  of 
which  we  obtain  a  view,  we  see,  however  dimly,  reason 
to  believe  that  all- its  laws  are  adapted  to  each  other,  and 
intended  to  work  together  for  the  benefit  of  its  organic 
population,  and  for  the  general  welfare  of  its  rational 
tenants.     On  this  subject,  however,  not   immediately 
included  in  the  principle  of  Final  Causes  as  here  stated, 
I  shall  not  dwell.     I  will  only  make  this  remark ;  that 
the  assertion  appears   to  be  quite  unfounded,  that  as 
science  advapces  from  point  to  point,  final  causes  recede 
before  it,  and  disappear  one  after  the  other.    The  prin- 
dple  of  design  changes  its  mode  of  application  indeedf 
but  it  loses  none  of  its  force.     We  no  longer  consider 
particular  facts  as  produced  by  special  interpositions,  but 
we  consider  design  as  exhibited  in  the  establishment  and 
adjustment  of  the  laws  by  which  particular  fects  are  pro^ 
duced.     We  do  not  look  upon  each  particular  cloud  ai 
brought  near  us  that  it  may  drop  fatness  on  our  fields, 
but  the  general  adaptation  of  the  laws  of  heat,  and  air, 
and  moisture^  to  the  promotion  of  vegetation,  does  not 
become  doubtful.     We  do  not  consider  the  sun  as  less 
intended  to  warm  and  vivify  the  tribes  of  plants  and 
animals^  because  we  find  that,  instead  of  revolving  round 
the  earth  as  an  attendant,  the  earth  along  with  other 
planets  revolves  round  him.     We  are  rather^  by  the  idis- 
covery  of  the  general  laws  of  nature,  led  into  a  seena  of 
wider  design,  of  deeper  contrivance,  of  more  comprefaeBi* 


94  PHILOSOPHY  OF  BIOLOGY. 

lite  adjustments.  Final  causes,  if  they  appear  driven 
further  from  us  by  such  an  extension  of  our  views, 
embrade  us  only  with  a  vaster  and  more  majestic  circuit : 
instead  of  a  few  threads  connecting  some  detached  objects, 
they  become  a  stupendous  net-work,  which  is  wound 
round  and  round  the  universal  frame  of  things. 

I  now  quit  the  subject  of  Biology,  and  with  it  the  circle 
of  sciences  depending  upon  separate  original  Ideas  and 
permanent  relations.  If  from  the  general  relations  which 
permanently  prevail  and  constantly  recur  among  the  objects 
around  uii,  we  turn  to  the  inquiry  of  what  has  actually 
happened; — ^if  from  Science  we  turn  to  History; — we  find 
ourselves  in  a  new  field.  Ih  this  region  of  speculation 
we  can  rarely  obtain  a  complete  and  scientific  view  of 
the  connexion  between  objects  and  events.  The  past 
History  of  Man,  of  the  Arts,  of  Languages,  of  the  Earth, 
of  the  Solar  System,  offers  a  vast  series  of  problems,  of 
which  perhaps  not  one  has  been  rigorously  solved.  Still 
mani  as  his  speculative  powers  unfold  themselves,  cannot 
but  feel  prompted  and  invited  to  employ  his  thoughts 
even  on  these  problems.  He  cannot  but  wish  and  endea- 
vour to  understand  the  connexion  between  the  successive 
links  of  such  chains  of  events.  He  attempts  to  form  a 
Science  which  shall  be  applicable  to  each  of  these 
Histories;  and  thus  he  begins  to  construct  the  class  of 
(M)iences  to  which  I  now,  in  the  last  place,  proceed. 
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Chapteh  I. 

OF  PALiETIOLOGICAL  SCIENCES  IN  GENERAL. 

1.  I  HAVE  already  stated  in  the  HuUny  of  (lie  Sd- 
pnees*,  that  the  class  of  Sciences  which  I  designate  as 
PdU^tiological  are  those  in  which  the  object  is  to  ascend 
from  the  present  state  of  things  to  a  more  ancient  con*- 
dition^  from  which  the  present  is  derived  by  intelligible 
causes.  As  conspicuous  eumples  of  this  class  we  may 
take  Geology,  Glossology  or  Comparative  Philology,  and 
Comparative  Archaeology.  These  provinces  of  knowledge 
might  perhaps  be  intelligibly  described  as  Histories ;  the 
History  of  the  Earth, — the  History  of  Languages, — ^the 
History  of  Arts.  But  these  phrases  would  not  fully 
describe  the  sciences  we  have  in  view;  for  the  object 
to  which  we  now  suppose  their  investigations  to  be 
directed  is  not  merely  to  ascertain  what  the  series  of 
events  has  been,  as  in  the  common  forms  of  History, 
but  also  how  it  has  been  brought  about.  These  sciences 
are  to  treat  of  causes  as  well  as  of  effects.  Buch  re- 
searches might  bo  termed  philosophical  history ;  or,  in 
order  to  mark  more  distinctly  that  the  causes  of  events 
are  the  leading  object  of  attention,  etiological  hi^tofy* 
But  since  it  vdll  be  more  convenient  to  describe  this 
class  of  sciences  by  a  single  appellation,  I  have  taken  the 

*  iii.,  481. 
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liberty  of  proposing   to   call  them*  the  Paketiological 
Sciences. 

While  Palaontoloyt/  describes  the  beings  which  have 
lived  in  former  ages  without  investigating  their  causes, 
and  Etiology  treats  of  causes  without^  distinguishing  his- 
torical from  mechanical  causation  ;  Paltetiology  is  a  com- 
bination of  the  two  sciences  ;  exploring  by  means  of  the 
second  the  phenomena  presented  by  the  first.  The 
portions  of  knowledge  which  I  include  in  this  term  are 
palaeontological  setiological  sciences. 

2.  All  these  sciences  are  connected  by  this  bond ; — 
that  they  all  endeavour  to  ascend  to  a  past  state,  by 
considering  what  is  the  present  state  of  things,  and  what 
are  the  causes  of  change.  Geology  examines  the  exist- 
ing appearances  of  the  materials  which  form  the  earth, 
infers  from  them  previous  conditions,  and  speculates  con- 
cerning the  forces  by  which  one  condition  has  been  made 
to  succeed  another.  Another  science,  cultivated  with 
great  zeal  and  success  in  modem  times,  compares  the 
languages  of  difierent  countries  and  nations,  and  by  an 
examination  of  their  materials  and  structure,  endeavours 
to  determine  their  descent  from  one  another :  this  science 
has  been  termed  Comparative  Philology  or  Ethnography; 
and  by  the  French,  Linguistique^  a  word  which  we  might 
imitate  in  order  to  have  a  single  name  for  the  science, 
but  the  Greek  derivative  Glossology  appears  to  be  more 
convenient  in  its  form.  The  progress  of  the  Arts  (Archi- 
tecture and  the  like);  how  one  stage  of  their  culture 
produced  another ;  and  how  far  we  can  trace  their  ma- 

*  A  philological  writer,  in  a  very  intetesting  work,  (Mr.  Donaldson, 
in  his  New  Cratylui,  p.  12,)  expresses  his  dislike  of  this  word,  and 
gnggests  that  I  must  mean  pdUB-oftiologieal,  I  think  the  word  is  more 
likely  to  obtain  currency  in  the  more  compact  and  euphonious  form  in 
which  I  have  used  it.  It  has  been  adopted  by  Mr.  Winning,  in  his 
Mmiual  of  Comparative  PhiMcffy. 
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tUte^  and  most  complete  condition  to  their  earliest  form 
in  various  nations;  — are  problems  of  great  interest 
belonging  to  another  subject,  which  we  may  for  the 
priesent  term  Comparative  Archaeology.  I  have  already 
noticed,  in  the  History  *y  how  the  researches  into  the 
origin  of  natural  objects,  and  those  relating  to  works  of 
art,  pass  by  slight  gradations  into  each  other ;  how  the 
examination  of  the  changes  which  have  affected  an  ancient 
temple  or  fortress,  harbour  or  river,  may  concern  alike 
the  geologist  and  the  antiquary.  Cuvier's  assertion  that 
the  geologist  is  an  antiquary  of  a  new  order,  is  perfectly 
correct,  for  both  are  palsetiologists. 

3.  We  are  very  hr  from  having  exhausted,  by  this 
enumeration,  the  class  of  sciences  which  are  thus  con- 
nected. We  may  easily  point  out  many  other  subjects 
of  speculation  of  the  same  kind.  As  we  may  look  back 
towards  the  first  condition  of  our  planet,  we  may  in  like 
manner  turn  bur  thoughts  towards  the  first  condition  of 
the  solar  system,  and  try  whether  we  can  discern  any 
traces  of  an  order  of  things  antecedent  to  that  which  is 
now  established ;  and  if  we  find,  as  some  great  mathe- 
maticians have  conceived,  indications  of  an  earlier  state 
in  which  the  planets  were  not  yet  gathered  into  their 
present  forms,  we  have,  in  the  pursuit  of  this  train  of 
research,  a  palsetiological  portion  of  Astronomy.  Again, 
as  we  may  inquire  how  languages,  and  how  man,  have 
been  diffused  over  the  earth's  surface  from  place  to 
place,'  we  may  make  the  like  inquiry  with  regard  to  the 
races  of  plants  and  animals,  founding  our  inferences  upon 
the  existing  geographical  distribution  of  the  animal  and 
vegetable  kingdoms :  and  thus  the  Geography  of  Plants 
and  of  Animals  also  becomes  a  portion  of  Palsetiology. 
Again,  as  we  can  in  some  measure  trace  the  progress  of 
Arts  from  nation  to  nation  and  from  age  to  age,  we  can 

•  iii.,  482. 
VOL.  n.  H 
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also  pursue  a  similar  investigation  with  respect  to  the 
progress  of  Mythology,  of  Poetry,  of  Government,  of 
Law.  Thus  the  philosophical  history  of  the  human  race^ 
viewed  with  reference  to  these  subjects,  if  it  can  give  rise 
to  knowledge  so  exact  as  to  be  properly  called  Science* 
will  supply  sciences  belonging  to  the  class  I  am  now  to 
consider. 

4.  It  is  not  an  arbitrary  and  useless  proceeding  to 
construct  such  a  class  of  sciences.  For  wide  and  various 
as  their  subjects  are,  it  will  be  found  that  they  have  all 
certain  principles,  maxims,  and  rules  of  procedure  in 
common;  and  thus  may  reflect  light  upon  each  other 
by  being  treated  of  together.  Indeed  it  will,  I  trust, 
appear,  that  we  may  by  such  a  juxtaposition  of  different 
speculations,  obtain  most  salutary  lessons.  And  ques- 
tions, which,  when  viewed  as  they  first  present  themselves 
under  the  aspect  of  a  special  science,  disturb  and  alarm 
men's  minds,  may  perhaps  be  contemplated  more  calmly, 
as  well  as  more  clearly,  when  they  are  considered  as 
general  problems  of  palsetiology. 

6.  It  will  at  once  occur  to  the  reader  that,  if  we 
include  in  the  circuit  of  our  classification  such  subjects  as 
have  been  mentioned, — ^politics  and  law,  mythology  and 
poetry, — we  are  travelling  very  far  beyond  the  material 
sciences  within  whose  limits  we  at  the  outset  proposed 
to  confine  our  discussion  of  principles.  But  we  shall 
remain  faithful  to  our  original  plan ;  and  for  that  purpose 
shall  confine  ourselves  in  this  work  to  those  palsetiological 
sciences  which  deal  with  material  things.  It  is  true,  that 
the  general  principles  and  maxims  which  regulate  these 
sciences  apply  also  to  investigations  of  a  parallel  kind 
respecting  the  products  which  result  from  man's  imagi- 
native and  social  endowments.  But  although  there  may 
be  a  similarity  in  the  general  form  of  such  portions  of 
knowledge,  their  materials  are  so  different  from  tiiose 
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with  which  we  have  been  hitherto  dealing,  that  we  cannot 
hope  to  take  them  into  our  present  account  with  any 
profit.  Language,  Government,  Law,  Poetry,  Art,  em- 
brace a  number  of  peculiar  Fundamental  Ideas,  hitherto 
not  touched  upon  in  the  disquisitions  in  which  we  have 
been  engaged ;  and  most  of  them  involved  in  far  greater 
perplexity  and  ambiguity,  the  subject  of  controversies 
far  tnore  vehement,  than  the  Ideas  we  have  hitherto 
been  examining.  We  must  therefore  avoid  resting 
any  part  of  our  philosophy  upon  sciences,  or  supposed 
sciences,  which  treat  of  such  subjects.  To  attend  to 
this  caution,  is  the  only  way  in  which  we  can  secure 
the  advantage  we  proposed  to  ourselves  at  the  outset^ 
of  taking,  as  the  basis  of  our  speculations,  none  but 
systems  of  undisputed  truths,  clearly  understood  and 
expressed*.  We  have  already  said  that  we  must,  know* 
ingly  and  voluntarily,  resign  that  livelier  and  warmer 
interest  which  doctrines  on  subjects  of  Polity  or  Art  pos« 
sess,  and  content  ourselves  with  the  cold  truths  of  the 
material  sciences,  in  order  that  we  may  avoid  having 
the  very  foundations  of  our  philosophy  involved  in  con- 
troversy, doubt,  and  obscurity. 

6.  We  may  remark,  however,  that  the  necessity  of 
rejecting  from  our  survey  a  large  portion  of  the  researches 
which  the  general  notion  of  Palsetiology  includes,  sug- 
gests one  consideration  which  adds  to  the  interest  of 
our  task.  We  began  our  inquiry  with  the  trust  that 
any  sound  views  which  we  should  be  able  to  obtain 
respecting  the  nature  of  truth  in  the  physical  sciences, 
and  the  mode  of  discovering  it,  must  also  tend  to  throw 
light  upon  the  nature  and  prospects  of  knowledge  of 
all  other  kinds ; — ^must  be  useful  to  us  in  moral,  poli- 
tical, and  philological  researches.    We  stated  this  as  a 

*  See  vol.  i.  p.  8. 
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confident  anticipation;  and  the  evidence  of  the  justice 
of  our  belief  already  begins  to  appear.  We  have  seen, 
in  the  last  Book,  that  biology  leads  us  to  psychology, 
if  we  choose  to  follow  the  path;  and  thus  the  passage 
from  the  material  to  the  immaterial  has  already  un- 
folded itself  at  one  point;  and  we  now  perceive  that 
there  are  several  large  provinces  of  speculation  which 
concern  subjects  belonging  to  man's  immaterial  nature, 
and  which  are  governed  by  the  same  laws  as  sciences 
altogether  physical.  It  is  not  our  business  here  to  dwell 
on  the  prospects  which  our  philosophy  thus  opens  to  our 
contemplation ;  but  we  may  allow  ourselves,  in  this  last 
stage  of  our  pilgrimage  among  the  foundations  of  the 
physical  sciences,  to  be  cheered  and  animated  by  the  ray 
that  thus  beams  upon  us,  however  dimly,  from  a  higher 
and  brighter  region. 

But  in  our  reasonings  and  examples  we  shall  mainly 
confine  ourselves  to  the  physical  sciences;  and  for  the 
most  part  to  Geology,  which  in  the  History  I  have  put 
forwards  as  the  best  representative  of  the  Palsetiological 
Sciences. 


Chapter  II. 

OP  THE  THREE  MEMBERS  OP  A  PALiETIO- 

LOGICAL  SCIENCE. 

1.  Dwisions  of  such  Sciences. — ^In  each  of  the  Sciences 
of  this  class  we  consider  some  particular  order  of  pheno- 
mena now  existing:  from  our  knowledge  of  the  causes 
of  change  among  such  phenomena,  we  endeavour  to  infer 
the  causes  which  have  made  this  order  of  things  what  it 
is :  we  asciend  in  this  manner  to  some  previous  stage  of 
such  phenomena ;  and  from  that,  by  a  similar  course  of 
inference,   to  a  still  earlier  stage,   and   to   its  causes. 
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Hence  it  will  be  seen  that  each  such  science  will  consist 
of  two  parts,~the  knowledge  of  the  phenomena^*  and  the 
knowledge  of  their  causes.  And  such  a  division  is,  in 
£Eict»  generally  recognised  in  such  sciences :  thus  we  have 
History,  and  the  Philosophy  of  History ;  we  have  Com- 
parison of  Languages,  and  the  Theories  of  the  Origin  and 
Progress  of  Language;  we  have  Descriptive  Geology, 
and  Theoretical  or  Physical  Geology.  In  all  these  cases, 
the  relation  between  the  two  parts  in  these  several 
provinces  of  knowledge  is  nearly  the  same ;  and  it  may, 
on  some  occasions  at  least,  be  useful  to  express  the  dis- 
tinction in  a  uniform  or  general  manner.  The  investiga- 
tion of  causes  has  been  termed  JEtiology  by  philosophical 
writers^  and  this  term  we  may  use  in  contradistinction 
to  the  mere  Phenomenology  of  each  such  department  of 
knowledge.  And  thus  we  should  have  Phenomenal  Geo- 
logy and  Etiological  Geology,  for  the  two  divisions  of 
the  science  which  we  have  above  termed  Descriptive  and 
Theoretical  Geology. 

2.  Study  of  Causes. — ^But  our  knowledge  respecting 
the  causes  which  actually  have  produced  any  order  of 
phenomena  must  be  arrived  at  by  ascertaining  what  the 
causes  of  change  in  such  matters  can  do.  In  order  to 
learn,  for  example,  what  share  earthquakes,  and  volcanoes, 
and  the  beating  of  the  ocean  against  its  shores,  ought  to 
have  in  our  Theory  of  Geology,  we  must  make  out  what 
effects  these  agents  of  change  are  able  to  produce.  And 
this  must  be  done,  not  hastily,  or  unsystematically,  but 
in  a  careful  and  connected  manner ;  in  short,  this  study  of 
the  causes  of  change  in  each  order  of  phenomena  must 
become  a  distinct  body  of  Science,  which  must  include  a 
large  amount  of  knowledge,  both  comprehensive  and 
precise,  before  it  can  be  applied  to  the  construction  of  a 
theory.  We  must  have  an  Etiology  corresponding  to 
each  order  of  phenomena. 
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8.  ^tidogjf. — ^In  the  History  of  Geology,  I  have 
spoken  of  the  necessity  for  such  an  Etiology  with  regard 
to  geological  phenomena :  this  necessity  I  have  compared 
with  that  which,  at  the  time  of  Kepler,  required  the 
formation  of  a  separate  science  of  Dynamics,  (the  doctrine 
of  the  causes  of  motion,)  before  Physical  Astronomy 
could  grow  out  of  Phenomenal  Astronomy.  In  pursuance 
of  this  analogy,  I  have  there  given  the  name  of  Geological 
Dynamici  to  the  science  which  treats  of  the  causes  of 
geological  change  in  general.  But,  as  I  have  there  inti- 
mated, in  a  large  portion  of  the  subject  the  changes  are 
so  utterly  different  in  their  nature  from  any  modification 
of  motion,  that  the  term  Dynamics,  so  applied,  sounds 
harsh  and  strange.  For  in  this  science  we  have  to  treat, 
not  only  of  the  subterraneous  forces  by  which  parts  of  the 
earth's  crust  are  shaken,  elevated,  or  ruptured,  but  also 
of  the  causes  which  may  change  the  climate  of  a  portion 
of  the  earth's  surfiBce,  making  a  country  hotter  or  colder 
than  in  former  ages;  again,  we  have  to  treat  of  the 
causes  which  modify  the  forms  and  habits  of  animals 
and  vegetables,  and  of  the  extent  to  which  the  effects  of 
such  causes  can  proceed ;  whether,  for  instance,  they  can 
extinguish  old  species  and  produce  new.  These  and  other 
rimilar  investigations  would  not  be  naturally  included  iu 
the  notion  of  Dynamics ;  and  therefore  it  will  be  better 
to  use  the  term  jEHology  when  we  wish  to  group  together 
all  those  researches  which  have  it  for  their  object  to  de- 
termine the  laws  of  such  changes.  In  the  same  manner 
the  Comparison  and  History  of  Languages^  if  it  is  to  lead 
to  any  stable  and  exact  knowledge,  must  have  appended 
to  it  an  Etiology,  which  aims  at  determining  the  nature 
and  the  amount  of  the  causes  which  really  do  produce 
changes  in  language ;  as  colonization,  conquest,  the  mix- 
ture of  races,  civilization,  literature,  and  the  like.  And 
the  same  rule  applies  to  all  sciences  of  this  class.     We 
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shall  now  make  a  few  remarks  on  the  characteristics  of 
such  branches  of  science  as  those  to  which  we  are  led  by 
the  above  considerations. 

4.  Phenomenology  requires  Classification.  Phenome^ 
nal  Geology. — ^The  Phenomenal  portions  of  each  science 
imply  Classification,  for  no  description  of  a  large  and 
varied  mass  of  phenomena  can  be  useful  or  intelligible 
without  classification.  A  representation  of  phenomena, 
in  order  to  answer  the  purposes  of  science,  must  be  sys- 
tematic. Accordingly,  in  giving  the  History  of  Descrip- 
tive or  Phenomenal  Geology,  I  have  called  it  Systematic 
Geology y  just  as  Classificatory  Botany  is  termed  Systematic 
Botany.  Moreover,  as  we  have  already  seen,  Classifica- 
tion can  never  be  an  arbitrary  process,  but  always  implies 
some  natural  connexion  among  the  objects  of  the  same 
class ;  for  if  this  did  not  exist,  the  classes  could  not  be 
made  the  subjects  of  any  true  assertion.  Yet  though 
the  classes  of  phenomena  which  our  system  acknowledges 
must  be  such  as  already  exist  in  nature,  the  discovery  of 
these  is,  for  the  most  part,  very  far  from  obvious  or  easy. 
To  detect  the  true  principles  of  natural  classes,  and  to 
select  marks  by  which  these  may  be  recognised,  are  steps 
which  require  genius  and  good  fortune,  and  which  fall  to 
the  lot  only  of  the  most  eminent  persons  in  each  science. 
In  the  History,  I  have  pointed  out  Werner,  William' 
Smith,  and  Cuvier,  as  the  three  great  authors  of  Sys- 
tematic Geology  of  Europe.  The  mode  of  classif3ring  the 
materials  of  the  earth's  surface  which  was  found,  by  these 
philosophers,  fitted  to  enunciate  such  general  facts  as 
came  under  their  notice,  was  to  consider  the  rocks  and 
other  materials  as  divided  into  successive  layers  or  strata, 
superimposed  one  on  another,  and  variously  inclined  and 
broken.  The  German  geologist  distinguished  bis  strata 
for  the  most  part  by  their  mineralogical  character ;   the 
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other  two  by  the  remains  of  animals  and  plants  which  the 
rocks  contained.  After  a  beginning  had  thus  been  made 
in  giving  a  genuine  scientific  form  to  phenomenal  geology, 
other  steps  followed  in  rapid  succession,  as  has  already 
been  related  in  the  History*.  The  Classification  of  the 
Strata  was  fixed  by  a  suitable  nomenclature.  Attempts 
were  made  to  apply  to  other  countries  the  order  of  strata 
which  had  been  found  to  prevail  in  that  first  studied: 
and  in  this  manner  it  was  ascertained  what  rocks  in 
distant  regions  are  the  synonyms,  or  equivalents  f^  of  each 
other.  The  knowledge  thus  collected  and  systematized 
was  exhibited  in  the  form  of  geological  maps. 

Moreover,  among  the  phenomena  of  geology  we  have 
Laws  of  nature  as  well  as  Classes.  The  geueral  form  of 
mountain  chains ;  the  relations  of  the  direction  and  incli- 
nation of  difierent  chains  to  each  other;  the  general 
features  of  mineral  veins,  feults,  and  fissures ;  the  preva- 
lent characters  of  slaty  cleavage ; — ^were  the  subjects  of 
laws  established,  or  supposed  to  be  established,  by  exten- 
sive observation  of  facts.  In  like  manner  the  organic 
fossils  discovered  in  the  strata  were  found  to  follow 
certain  laws  with  reference  to  the  climate  which  they 
appeared  to  have  lived  in ;  and  the  evidence  which  they 
gave  of  a  regular  zoological  development.  And  thus  by 
the  assiduous  labours  of  many  accomplished  and  active 
philosophers.  Descriptive  or  Phenomenal  Geology  was 
carried  towards  a  state  of  completeness. 

5.  Phenomenal  Uranography. — In  like  manner  in 
other  palsetiological  researches,  as  soon  as  they  approach 
to  an  exact  and  scientific  form,  we  find  the  necessity  of 
constructing  in  the  first  place  a  science  of  classification 
and  exact  description,  by  means  of  which  the  pheno- 
mena may  be  correctly  represented  and  compared ;  and  of 

*  Hiit.  Ind.  Set.,  iii.,  527.  t  lb.,  iii.,  632. 
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obtaining  by  this  step  a  solid  basis  for  an  inquiry  into  the 
causes  which  have  produced  them.  Thus  the  Palsetiology 
of  the  solar  system  has,  in  recent  times,  drawn  the  atten* 
tion  of  speculators ;  and  a  hypothesis  has  been  started, 
that  our  sun  and  his  attendant  planets  have  been  produced 
by  the  condensation  of  a  mass  of  diffused  matter,  such  as 
that  which  constitutes  the  nebulous  patches  which  we 
observe  in  the  starry  heavens.  But  the  sagest  and  most 
enlightened  astronomers  have  not  failed  to  acknowledge, 
thfkt  to  verify  or  to  disprove  this  conjecture,  must  be  the 
work  of  many  ages  of  observation  and  thought.  They 
have  perceived  also  that  the  first  step  of  the  labour  re- 
quisite for  the  advancement  of  this  portion  of  science  must 
be  to  obtain  and  to  record  the  most  exact  knowledge  at 
present  within  our  reach,  respecting  the  phenomena  of 
these  nebulse,  with  which  we  thus  compare  our  own  system; 
and,  as  a  necessary  element  of  such  knowledge,  they  have 
seen  the  importance  of  a  classification  of  these  objects, 
and  of  others,  such  as  Double  Stars,  of  the  same  kind. 
Sir  William  Herschel,  who  first  perceived  the  bearing  of 
the  phenomena  of  nebulae  upon  the  history  of  the  solar 
system,  made  the  observation  of  such  objects  his  business, 
with  truly  admirable  zeal  and  skill;  and  in  the  account 
of  the  results  of  his  labours,  gave  a  classification  of  Ne- 
bulae; separating  them  into,  first,  Clusters  of  Stars;  second, 
Besclvable  Nebula;  third.  Proper  Nebutcs;  fourth,  Pla^ 
netary  Nebula;  fifth,  Stellar  Nebula;  sixth.  Nebulous 
Stars*.  And  since,  in  order  to  obtain  from  these  remote 
appearances,  any  probable  knowledge  respecting  our  own 
system,  we  must  discover  whether  they  undergo  any 
changes  in  the  course  of  ages,  he  devoted  himself  to  the 
task  of  forming  a  record  of  their  number  and  appearance 
in  his  own  time,  that  thus  the  astronomers  of  succeeding 

*  Phil.  Trans.y  1786  and  1789,  and  Sir  J.  Hsbschbl's  Aitrarumiyj 
Art.  616. 
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generations  might  have  a  definite  and  exact  standard 
with  which  to  compare  their  observations.  Stilly  this 
task  would  hare  been  executed  only  for  that  part  of  the 
heavens  which  is  visible  in  this  country,  if  this  Hippar- 
chus  of  the  Nebulae  and  Double  Stars  had  not  left  behind 
him  a  son  who  inherited  all  his  father's  zeal  and  more 
than  his  father's  knowledge.  Sir  John  Herschel  in 
1833  went  to  the  Gape  of  Good  Hope  to  complete  what 
Sir  William  Herschel  left  wanting ;  and  in  the  course  of 
five  years  observed  with  care  all  the  nebulas  and  double 
stars  of  the  Southern  hemisphere.  This  great  Herschdian 
Stirvey  of  the  Heavens^  the  completion  of  which  is  the 
noblest  monument  ever  erected  by  a  son  to  a  father,  must 
necessarily  be,  to  all  ages,  the  basis  of  all  speculations 
concerning  the  history  and  origin  of  the  solar  system; 
and  has  completed,  so  iar  as  at  present  it  can  be  com* 
pleted,  the  phenomenal  portion  of  Astronomical  Palae- 
tiology. 

6.  Phenomenal  Chographjf  of  Plants  and  Animals. — 
Again,  there  is  another  Palastiological  Science,  closely 
connected  with  the  speculations  forced  upon  the  geolo- 
gist by  the  organic  fossils  which  he  discovers  imbedded 
in  the  strata  of  the  earth ; — ^namely,  the  Science  which 
has  for  its  object  the  Causes  of  the  Diffusion  and  Distri- 
bution of  the  various  kinds  of  Plants  and  Animals.  And 
this  science  also  has  for  its  first  portion  and  indispensable 
foundation  a  description  and  classification  of  the  existing 
phenomena.  Such  portions  of  science  have  recently  been 
cultivated  with  great  zeal  and  success,  under  the  titles  of 
the  Geography  of  Plants^  and  the  Chography  of  Animals. 
And  the  results  of  the  inquiries  thus  undertaken  have 
assumed  a  definite  and  scientific  form  by  leading  to  a 
division  of  the  earth's  sur&ce  into  a  certain  number  of 
botanical  and  zoological  Provinces^  each  province  occupied 
by  its  own  peculiar  vegetable  and  animal  population. 
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We  find,  toOy  in  the  course  of  these  investigations,  various 
general  laws  of  the  phenomena  offered  to  our  notice; 
such,  for  instance,  as  this: — that  the  difference  of  the 
animals  originally  occupying  each  province,  which  is  clear 
and  entire  for  the  higher  orders  of  animals  and  plants, 
becomes  more  doubtful  and  indistinct  when  we  descend 
to  the  lower  kinds  of  organizations;  as  Infusoria  and 
Zoophytes*  in  the  animal  kingdom,  Grasses  and  Mosses 
among  vegetables.  Again,  other  laws  discovered  by 
those  who  have  studied  the  geography  of  plants  are 
these : — that  countries  separated  from  each  other  by  wide 
tracts  of  sea,  as  the  opposite  shores  of  the  Mediterranean, 
the  islands  of  the  Indian  and  Pacific  Oceans,  have  usually 
much  that  is  common  in  their  vegetation : — and  again, 
that  in  parallel  climates,  analogous  tribes  replace  each 
other.  It  would  be  easy  to  adduce  other  laws,  but  those 
already  stated  may  serve  to  show  the  great  extent  of  the 
portions  of  knowledge  which  have  just  been  mentioned^ 
even  considered  as  merely  Sciences  of  Phenomena. 

7.  Phenomenal  Glossology. — It  is  not  my  purpose  in 
the  present  work  to  borrow  my  leading  illustrations  from 
any  portions  of  knowledge  but  those  which  are  concerned 
with  the  study  of  material  nature ;  and  I  shall,  therefore, 
not  dwell  upon  a  branch  of  research,  singularly  interests 
ing,  and  closely  connected  with  the  one  just  mentioned, 
but  dealing  with  relations  of  thought  rather  than  of 
things; — I  mean  the  Paleetiology  x)f  Language ;-*-the 
theory,  so  far  as  the  facts  enable  us  to  form  a  theory,  of 
the  causes  which  have  led  to  the  resemblances  and  differt 
ences  of  human  speech  in  various  regions  and  various 
ages.  This,  indeed,  would  be  only  a  portion  of  the  study 
of  the  history  and  origin  of  the  diffusion  of  animals,  if  we 
were  to  include  man  among  the  animals  whose  dispersion 

*  Priohard,  Eeiearchet  into  the  Physioal  HUtory  of  Mankind, 
].  55,  28. 
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we  thus  investigate ;  for  language  is  one  of  the  most 
clear  and  imperishable  records  of  the  early  events  in  the 
career  of  the  human  race.  But  the  peculiar  nature  of 
the  faculty  of  speech,  and  the  ideas  which  the  use  of  it 
involves,  make  it  proper  to  treat  Glossology  as  a  distinct 
science.  And  of  this  science,  the  first  part  must  neces- 
sarily be,  as  in  the  other  sciences  of  this  order,  a  classifi- 
cation and  comparison  of  languages,  governed  in  many 
respects  by  the  same  rules,  and  presenting  the  same  diffi- 
culties, as  other  sciences  of  classification.  Such,  accord- 
ingly, has  been  the  procedure  of  the  most  philosophical 
glossologists.  They  have  been  led  to  throw  the  languages 
of  the  earth  into  certain  large  classes  or  families^  accord- 
ing to  various  kinds  of  resemblance;  as  the  Semitic 
fiEuauly^  to  which  belong  Hebrew,  Arabic,  Chaldean, 
Syrian,  Phoenician,  Ethiopian,  and  the  like;  the  Indo^ 
European^  which  includes  Sanskrit,  Persian,  Greek,  Latin, 
and  German ;  the  MonosyUabic  languages,  Chinese,  Tibe- 
tan, Birman,  Siamese;  the  Pdj/synthetic  languages,  a 
class  including  most  of  the  North-American  Indian 
dialects;  and  others.  And  this  work  of  classification 
has  been  the  result  of  the  labour  and  study  of  many  very 
profound  linguists,  and  has  advanced  gradually  from  step 
to  step.  Thus  the  Indo-European  &mily  was  first  formed 
on  an  observation  of  the  coincidences  between  Sanskrit, 
Greek,  and  Latin ;  but  it  was  soon  found  to  include  the 
Teutonic  languages,  and  more  recently  Dr.  Prichard* 
has  shown  beyond  doubt  that  the  Celtic  must  be  included 
in  the  same  family.  Other  general  resemblances  and 
differences  of  languages  have  been  marked  by  appropriate 
terms:  thus  August  von  Schlegel  has  denominated 
them  sjfntheHcdl  and  analytical,  according  as  they  form 
their  conjugations  and  declensions  by  auxiliary  verbs  and 

• 

.    *  Db.  PiUCBABD,  On  ike  Eaittm  Origin  <^  the  Cdtic  Nation*. 
1831. 
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prepositions,  or  by  changes  in  the  word  itself:  and  the 
pohfsyntheHc  languages  are  so  named  by  M.  Duponceau, 
in   consequence  of  their  still  more  complex  mode  of 
inflexion.     Nor  are  there  wanting,  in  this  science  aiso^ 
general  laws  of  phenomena;   such,  for  instance,  is  the 
curious  rule  of  the  interchange  of  consonants  in  the 
cognate  words  of  Greek,  Gothic,  anid  German,  which  has 
been  discovered  by  James  Grimm.    All  these  rem^k- 
able  portions  of  knowledge,  and  the  great  works  whic^ 
have  appeared  on  Glossology,  such,  for  example,  as  the 
MUhridates  of  Adelung  and  Vater,  contain,    for  their 
largest,  and  hitherto  probably  their  most  valuable  part» 
the  phenomenal  portion  of  the  science,  ilie  comparison  of 
languages  as  they  now  are.      And  beyond  all   doubt» 
until  we  have  brought  this  comparative  philology  to  a 
considerable  degree  of  completeness,  all  our  speculations 
respecting  the  causes  which  have  operated  to  produce 
the  languages  of  the  earth  must  be  idle  and  unsubstantial 
dreams. 

Thus  in  all  Palaetiological  Sciences,  in  all  attempts  to 
trace  back  the  history  and  discover  the  origin  of  the  pre- 
sent state  of  things,  the  portion  of  the  science  which 
must  first  be  formed  is  that  which  classifies  the  pheno- 
mena, and  discovers  general  laws  prevailing  among  them. 
When  this  work  is  performed,  and  not  till  then,  we  may 
begin  to  speculate  successfully  concerning  causes,  and  to 
make  some  progress  in  our  attempts  to  go  back  to  an 
origin.  We  must  have  a  Phenomenal  science  preparatory 
to  each  Etiological  one. 

8.  The  Study  of  Phenomena  leads  to  Theory. — ^As  we 
have  just  said,  we  cannot,  in  any  subject,  speculate  suc- 
cessfully concerning  the  causes  of  the  present  state  of 
things,  till  we  have  obtained  a  tolerably  complete  and 
systematic  view  of  the  phenomena.  Yet  in  reality  men 
have  not  in  any  instance  waited  for  this  completeness 
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and  system  in  their  knowledge  of  facts  before  they  have 
begun  to  form  theories.  Nor  was  it  natural,  considering 
the  speculative  propensities  of  the  human  mind,  and  how 
incessantly  it  is  endeavouring  to  apply  the  Idea  of  Cause, 
that  it  should  thus  restrain  itself.  I  have  already  noticed 
this  in  the  History  of  Geology.  **  Wliile  we  have  been 
giving  an  account,"  it  is  there  said,  **  of  the  objects  with 
which  Descriptive  Geology  is  occupied,  it  must  have  been 
felt  how  difficult  it  is,  in  contemplating  such  fftcts,  to 
confine  ourselves  to  description  and  classification.  Con- 
jectures and  reasonings  respecting  the  causes  of  the  phe- 
nomena force  themselves  upon  us  at  every  step;  and 
even  influence  our  classification  and  nomenclature.  Our 
Descriptive  Geology  impels  us  to  construct  a  Physical 
Geology."  And  the  same  is  the  case  with  regard  to  the 
other  subjects  which  I  have  mentioned.  The  mere  con- 
sideration of  the  different  degrees  of  condensation  of  dif- 
ferent nebulae  led  Herschel  and  Laplace  to  the  hypothesis 
that  our  solar  system  is  a  condensed  nebula.  Immediately 
upon  the  division  of  the  earth's  surface  into  botanical  and 
zoological  provinces,  and  even  at  an  earlier  period,  the 
opposite  hypotheses  of  the  origin  of  all  the  animals  of 
each  kind  from  a  single  pair,  and  of  their  original  diffusion 
all  over  the  earth,  were  under  discussion.  And  the  con- 
sideration of  the  families  of  languages  irresistibly  led  to 
speculations  concerning  the  families  of  the  earliest  human 
inhabitants  of  the  earth.  In  all  cases  the  contemplation 
of  a  very  few  phenomena,  the  discovery  of  a  very  few 
steps  in  the  history,  made  men  wish  for  and  attempt 
to  form  a  theory  of  the  history  firom  the  very  beginning 
of  things. 

9.  No  sound  Theory  without  Etiology. — But  though 
man  is  thus  impelled  by  the  natural  propensities  of  his 
intellect  to  trace  each  order  of  things  to  its  causes, 
he  does  not  at   first   discern   the   only  sure  way  of 
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obtaining  such  knowledge:  he  does  not  suspect  how 
much  labour  and  how  much  method  are  requisite  for  suc^ 
cess  in  this  undertaking :  he  is  not  aware  that  for  each 
order  of  phenomena  he  must  construct,  by  the  accumu- 
lated results  of  multiplied  observation  and  distinct 
thought,  a  separate  iELtiology.  Thus,  as  I  have  elsewhere 
remarked  *,  when  men  had  for  the  first  time  become  ac^ 
quainted  with  some  of  the  leading  phenomena  of  Geology, 
and  had  proceeded  to  speculate  concerning  the  past 
changes  and  revolutions  by  which  such  results  had  been 
produced,  they  forthwith  supposed  themselves  able  to 
judge  what  would  be  the  effects  of  any  of  the  obvious 
agents  of  change,  as  water  or  volcanic  fire.  It  did  not 
at  first  occur  to  them  to  suspect  that  their  common  and 
extemporaneous  judgment  on  such  points  was  by  no 
means  suflScient  for  sound  knowledge.  They  did  not 
foresee  that,  before  they  could  determine  what  share  these 
or  any  other  causes  had  had  in  producing  the  present  con* 
dition  of  the  earth,  they  must  create  a  special  science 
whose  object  should  be  to  estimate  the  general  laws  and 
effects  of  such  assumed  causes : — ^that  before  they  could 
obtain  any  sound  Geological  Theory,  they  must  carefully 
cultivate  Geological  Etiology. 

The  same  disposition  to  proceed  immediately  from 
the  facts  to  the  theory,  without  constructing,  as  an  inter- 
mediate step,  a  science  of  Causes,  might  be  pointed  out 
in  the  other  sciences  of  this  order.  But  in  all  of  them 
this  error  has  been  corrected  by  the  fidlures  to  which  it 
led.  It  soon  appeared,  for  instance,  that  a  more  careful 
inquiry  into  the  effects  which  climate,  food,  habit  and 
circumstances  can  produce  in  animals  was  requisite  in 
order  to  determine  how  the  diversities  of  animals  in 
different  countries  have  originated.  The  JEtiology  of 
Animal  Life  (if  we  may  be  allowed  to  give  this  name  to 

♦  EUt.  Ind.  Ski.,  iii.  546. 
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that  study  of  such  causes  of  change  which  is  at  present 
80  zealously  cultivated,  and  which  yet  has  no  distinctive 
designation,)  is  now  perceived  to  be  a  necessary  portion  of 
all  attempts  to  construct  a  history  of  the  earth  and  its 
inhabitants. 

10.  Cause  in  Paketiologf/. — We  are  thus  led  to  con- 
template a  class  of  sciences  which  are  commenced  with 
the  study  of  Causes.  We  have  already  considered  sci- 
ences which  depended  mainly  upon  the  Idea  of  Cause, 
namely,  the  Mechanical  Sciences.  But  it  is  obvious  that 
the  Idea  of  Cause  in  the  researches  now  under  our  con- 
sideration must  be  employed  in  a  very  different  way  from 
that  in  which  we  applied  it  formerly.  Force  is  the  cause 
of  motion,  because  force  at  all  times  and  under  all  cir- 
cumstances, if  not  counteracted,  produces  motion ;  but 
the  cause  of  the  present  condition  and  elevation  of  the 
Alps,  whatever  it  was,  was  manifested  in  a  series  of 
events  of  which  each  happened  but  once,  and  occupied 
its  proper  place  in  the  series  of  time.  The  former  is 
mechanical^  the  latter  historical,  cause.  In  our  present 
investigations,  we  consider  the  events  which  we  contem- 
plate, of  whatever  order  they  be,  as  forming  a  chain  which 
is  extended  from  the  beginning  of  things  down  to  the 
present  time ;  and  the  causes  of  which  we  now  speak  are 
those  which  connect  the  successive  links  of  this  chain. 
Every  occurrence  which  has  taken  place  in  the  history  of 
the  solar  system,  or  the  earth,  or  its  vegetable  and  animal 
creation,  or  man,  has  been  at  the  same  time  effect  and 
cause ; — the  effect  of  what  preceded,  the  cause  of  what 
succeeded.  By  being  effect  and  cause,  it  has  occupied 
some  certain  portion  of  time ;  and  the  times  which  have 
thus  been  occupied  by  effects  and  causes,  summed  up 
and  taken  all  together,  make  up  the  total  of  Past  Time. 
The  Past  has  been  a  series  of  events  connected  by  this 
historical  causation,  and  the  Present  is  the  last  term  of 
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this  series.  The  problem  in  the  Palaetiological  Sciences, 
with  which  we  are  here  concerned,  is,  to  determine  the 
manner  in  which  each  term  is  derived  from  the  pre- 
ceding, and  thus,  if  possible,  to  calculate  backwards  to 
the  origin  of  the  series. 

11.    Various  kinds  of  Came. — ^Those  modes  by  which 
one  term  in  the  natural  series  of  events  is  derived  from 
another,  the  forms  of  historical  causation,  the  kinds  of 
connexion  between  the  links  of  the  infinite  chain  of  time, 
are  very  various ;  nor  need  we  attempt  to  enumerate  them. 
But  these  kinds  of  causation  being  distinguished  from 
each  other,  and  separately  studied,  each   becomes   the 
subject  of  a  separate  -^Etiology.      Thus  the  causes  of 
change  in  the  earth's  surface,  residing  in  the  elements, 
fire  and  water,  form  the  main  subject  of  Geological  Mtio^ 
logy.     The  ^Etiology  of  the  vegetable  and  animal  king- 
doms investigates  the  causes  by  which  the  forms  and  dis- 
tribution of  species  of  plants  and  animals  are  affected. 
The  study  of  causes  in  Glossology  leads  to  an  ^Etiology 
of  Language,  which  shall  distinguish,  analyse,  and  estimate 
the  causes  by  which  certain  changes  are  produced  in  the 
languages  of  nations ;   in  like  manner  we  may  expect  to 
have  an  Etiology  of  Art,  which  shall  scrutinize  the  influ- 
ences by  which  the  various  forms  of  art  have  each  given 
birth  to  its  successor :  by  which,  for  example,  there  have 
been  brought  into  being  those  various  forms  of  architec- 
ture which   we  term    Egyptian,   Doric,   Ionic,  Roman, 
Byzantine,  Romanesque,  Gothic,  Italian,  Elizabethan.     It 
is  easily  seen  by  this  slight  survey  how  manifold  and 
diverse  are  the  kinds  of  cause  which  the  Palrotiological 
Sciences  bring  under  our  consideration.     But  in  each  of 
those  sciences  we  shall  obtain  solid  and  complete  systems 
of  knowledge,  only  so  far  as  we  study,  with  steady  thought 
and  careful  observation,  that  peculiar  kind  of  cause  which 
is  appropriate  to  the  phenomena  under  our  consideration. 

VOL.  II.        ^  I 
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12.  Hypothetical  Order  of  PaUetiological  Causes.--^ 
The  various  kinds  of  historical  cause  are  not  only  con- 
nected with  each  other  by  their  common  bearing  upon 
the  historical  sciences,  but  they  form  a  kind  of  progression 
which  we  may  represent  to  ourselves  as  having  acted  in 
succession  in  the  hypothetical  history  of  the  earth  and  its 
inhabitants.  Thus  assuming,  merely  as  a  momentary 
hypothesis,  the  origin  of  the  solar  system  by  the  conden- 
sation of  a  nebula,  we  have  to  contemplate,  first,  the 
causes  by  which  the  luminous  incandescent  diffused  mass 
of  which  a  nebula  is  supposed  to  be  constituted,  is  grar 
dually  condensed,  cooled,  collected  into  definite  masses, 
solidified,  and  each  portion  made  to  revolve  about  its 
axis,  and  the  whole  to  travel  about  another  body.  We 
have  no  difficulty  in  ascribing  the  globular  form  of  each 
mass  to  the  mutual  attraction  of  its  particles:  but 
when  this  form  was  once  assumed  and  covered  with  a 
solid  crust,  are  there,  we  may  ask,  in  the  constitution  of 
such  a  body,  any  causes  at  work  by  which  the  crust 
might  be  again  broken  up  and  portions  of  it  displaced, 
and  covered  with  other  matter  ?  Again,  if  we  can  thus 
explain  the  origin  of  the  earth,  can  we  with  like  success 
account  for  the  presence  of  the  atmosphere  and  the 
waters  of  earth  and  ocean?  Supposing  this  done,  we 
have  then  to  consider  by  what  causes  such  a  body  could 
become  stocked  with  vegetable  and  animal  life;  for 
there  have  not  been  wanting  persons,  extravagant  spe- 
culators, no  doubt,  who  have  conceived  that  even  this 
event  in  the  history  of  the  world  might  be  the  work 
of  natural  causes.  Supposing  an  origin  given  to  life 
upon  our  earth,  we  have  then,  brought  before  us  by 
geological  observations,  a  series  of  different  forms  of 
vegetable  and  animal  existence;  occurring  in  different 
strata,  and,  as  the  phenomena  appear  irresistibly  to 
prove,  existing  at  successive  periods :   and  we  are  com- 
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pelled  to  inquire  what  can  have  ba^i  the  causes  by 
which  the  forms  of  each  period  have  passed  into  those  of 
the  netxt.  We  find,  too,  that  strata,  which  must  haye 
been  at  first  horizontal  and  continuous,  have  undergone 
enormous  dislocations  and  ruptures,  and  we  have  to  con* 
sider  the  possible  effect  of  aqueous  and  volcanic  causes 
to  produce  such  changes  in  the  earth's  crust.  We  are 
thus  led  to  the  causes  which  have  produced  the  present 
state  of  things  on  the  earth;  and  these  are  causes  to 
which  We  may  h3rpothetically  ascribe,  not  only  the  form 
and  position  of  the  inert  materials  of  the  earth,  but  also 
the  nature  and  distribution  of  its  animal  and  vegetable 
population.  Man  too,  no  less  than  other  animals,  is 
affected  by  the  operation  of  such  causes  as  we  have  re* 
ferred  to,  and  must,  therefore,  be  included  in  such  specu- 
lations. But  man's  history  only  begins,  where  that  of 
other  animals  ends,  with  his  mere  existence.  They  are 
stationary,  he  is  progressive.  Other  species  of  animals 
once  brought  into  being,  continue  the  same  through  all 
ages ;  man  is  changing,  from  age  to  age,  his  language,  his 
thoughts,  his  works.  Yet  even  these  changes  are  bound 
together  by  laws  of  causation ;  and  these  causes  too  may 
become  objects  of  scientific  study.  And  such  causes^ 
though  not  to  be  dwelt  upon  now,  since  we  permit  our- 
selves to  found  our  philosophy  upon  the  material  sciences 
only,  must  still,  when  treated  scientifically,  fall  within 
the  principles  of  our  philosophy,  and  must  be  governed 
by  the  same  general  rules  to  which  all  science  is  subject* 
And  thus  we  are  led  by  a  close  and  natural  connexion, 
through  a  series  of  causes,  from  those  which  regulate  the 
imperceptible  changes  of  the  remotest  nebulas  in  the 
heavens,  to  those  which  determine  the  diversities  of 
language,  the  mutations  of  art,  and  even  the  progress  of 
civilization,  polity,  and  literature. 

While  I  have  been  speaking  of  this  supposed  series 

I  2 
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of  events,  including  in  its  course  the  formation  of  the 
earthy  the  introduction  of  animal  and  vegetable  life,  and 
the  revolutions  by  which  one  collection  of  species  has 
succeeded  another,  it  must  not  be  forgotten,  that  though 
I  have  thus  hypothetically  spoken  of  these  events  as 
occurring  by  force  of  natural  causes,  this  has  been  done 
only  that  the  true  efficacy  of  such  causes  might  be 
brought  under  our  consideration  and  made  the  subject  of 
scientific  examination.  It  may  be  found,  that  such  oc- 
currences as  these  are  quite  inexplicable  by  the  aid  of  any 
natural  causes  with  which  we  are  acquainted ;  and  thus 
the  result  of  our  investigations,  conducted  with  strict 
regard  to  scientific  principles,  may  be,  that  we  must  either 
contemplate  supernatural  influences  as  part  of  the  past 
series  of  events,  or  declare  ourselves  altogether  unable  to 
form  this  series  into  a  connected  chain. 

13.  Mode  of  Cultivating  jEtiology : — In  Geology. ^^ 
In  what  manner,  it  may  be  asked,  is  iE^tiology,  with 
regard  to  each  subject  such  as  we  have  enumerated,  to  be 
cultivated  ?  In  order  to  answer  this  question,  we  must, 
according  to  our  method  of  proceeding,  take  the  most 
successful  and  complete  examples  which  we  possess  of 
such  portions  of  science.  But  in  truth,  we  can  as  yet 
refer  to  few  examples  of  this  kind.  In  Geology,  it  is 
only  very  recently,  and  principally  through  the  example 
and  influence  of  Mr.  Lyell,  that  the  Etiology  has  been 
detached  from  the  descriptive  portion  of  the  science ; 
and  cultivated  with  direct  attention :  in  other  sciences 
the  separation  has  hardly  yet  been  made.  But  if  we 
examine  what  has  already  been  done  in  Geological  Etio- 
logy, or  as  in  the  History  it  is  termed.  Geological 
Dynamics,  we  shall  find  a  number  of  different  kinds  of 
investigation  which,  by  the  aid  of  our  general  principles 
respecting  the  formation  of  sciences,  may  suffice  to  sup- 
ply very  useful  suggestions  for  Etiology  in  general. 
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In  Greologicat  ^Etiology  causes  have  been  studied,  in 
many  instimceSy  by  attending  to  their  action  in  the  phe- 
nomena of  the  present  state  of  things,  and  by  inferring 
from  this  the  nature  and  extent  of  the  action  which  they 
may  have  exercised  in  former  times.  This  has  been 
done,  for  example,  by  Von  Hoff,  Mr.  Lyell  and  others, 
with  regard  to  the  operations  of  rivers,  seas,  springs, 
glaciers,  and  other  aqueous  causes  of  change.  Again, 
the  same  course  has  been  followed  by  the  same  philoso- 
phers  with  respect  to  volcanos,  earthquakes,  and  other 
violent  agents.  Mr.  Lyell  has  attempted  to  show,  too, 
that  there  take  place,  in  our  own  time,  not  only  violent 
agitations,  but  slow  motions  of  parts  of  the  earth's  crust, 
of  the  same  kind  and  order  with  those  which  have  assisted 
in  producing  all  anterior  changes. 

But  while  we  thus  seek  instruction  in  the  phenomena 
of  the  present  state  of  things,  we  are  led  to  the  question, 
What  are  the  limits  of  this  present  period  ?     For  instance, 
among  the  currents  of  lava  which  we  trace  as  part  of  the 
shores  of  Italy  and  Sicily,  which  shall  we  select  as  belong- 
ing to  the  existing  order  of  things  ?     In  going  backwards 
in  time,  wliere  shall  we  draw  the  line?  and  why  at  such 
particular  point  ?    These  questions  are  important,  for  oui: 
estimate  of  the  efficacy  of  known  causes  will  vary  with  the 
extent  of  the  effects  which  we  ascribe  to  them.     Hence 
the  mode  in  which  we  group  together  rocks  is  not  only  a 
step  in  geological  classification,  but  is  also  important  to 
JEttiology.     Thus  when  the  vast  masses  of  trap  rocks  in 
the  Western  Isles  of  Scotland  and  in  other  countries, 
which  had  been  maintained  by  the  Wemerians  to  be  of 
aqueous  origin,  were,  principally  by  the   sagacity  and 
industry  of  Macculloch,  identified  as  to  their  nature  with 
the  products  of  recent  volcanos,  the  amount  of  effect 
which  might  justifiably  be  ascribed  to  volcanic  agency 
was  materially  extended. 
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In  other  cased)  instead  of  observing  the  current  effects 
of  our  geological  causes,  we  have  to  estimate  the  results 
from  what  we  know  of  the  causes  themselves ;  as  when, 
with  Herschel,  we  calculate  the  alterations  in  the  tem- 
perature of  the  earth  which  astronomical  changes  may 
possibly  produce ;  or  when,  with  Fourier,  we  try  to  cal- 
culate the  rate  of  cooling  of  the  earth's  surface,  on  the 
hypothesis  of  an  incandescent  central  mass.  In  other 
cases,  again,  we  are  not  able  to  calculate  the  effects  of 
our  causes  rigorously,  but  estimate  them  as  well  as  we 
can,  partly  by  physical  reasonings,  and  partly  by  compa- 
rison with  such  analogous  cases  as  we  can  find  in  the 
present  state  of  things.  Thus  Mr.  Lyell  infers  the  change 
of  climate  which  would  result  if  land  were  transferred 
from  the  neighbourhood  of  the  poles  to  that  of  the 
equator,  by  reasonings  on  the  power  of  land  and  water  to 
contain  and  communicate  heat,  supported  by  a  reference 
to  the  different  actual  climates  of  places  under  the  same 
latitude,  but  under  different  conditions  as  to  the  distribu** 
tion  of  land  and  water. 

Thus  our  -Etiology  is  constructed  partly  from  calcu- 
lation and  reasoning,  partly  from  phenomena.  But  we 
may  observe  that  when  we  reason  from  phenomena  to 
causes,  we  usually  do  so  by  various  steps ;  often  ascending 
from  phenomena  to  mere  laws  of  phenomena,  before  we 
can  venture  to  connect  the  phenomenon  confidently  with 
its  cause.  Thus  the  law  of  subterranean  heat,  that  it 
increases  in  descending  below  the  surface,  is  now  well 
established,  although  the  doctrine  which  ascribes  this 
effect  to  a  central  heat  is  not  universally  assented  to. 

14.  In  the  Geography  of  Plants  and  Animals, — We 
may  find  in  other  subjects  also,  considerable  contributions 
towards  ^Etiology,  though  not  as  yet  a  complete  system 
of  science.  The  Etiology  of  vegetables  and  animals, 
indeed,  has  been  studied  with  great  zeal  in  modern  times, 
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as  an  essential  preparative  to  geological  theory ;   for  how 
can  we  decide  whether  any  assumed  causes  have  produced 
the  succession  of  species  which  we  find  in  the  earth's 
strata,  except  we  know  what  effect  of  this  kind  given 
causes   can    produce?      Accordingly,   we    find   in   Mr. 
Lyeirs  Treatise  on  Geology  the  most  complete  discussion 
of  such  questions  as  belong  to  these  subjects  :~*for  ex- 
ample, the  question  whether  species  can  be  transmuted 
into  other  species  by  the  long  continued  influence  of 
external  causes,  as  climate,  food,  domestication,  combined 
with  internal  ciUises,  as  habits,  appetencies,  progressive 
tendencies.      We  may  observe,   too,   that  as  we  have 
brought  before  us  the  inquiry  what  change  difference  of 
climate  can  produce  in  any  species,  we  have  also  the 
inverse  problem,  how  far  a  different  development  of  the 
species,  or  a  different  collection  of  species,  proves  a  differ- 
ence of  climate.     In  the  same  way,  the  geologist  of  the 
present  day  considers  the  question,  whether,  in  virtue  of 
causes  now  in  action,  species  are  from  time  to  time  extin- 
guished ;  and  in  like  manner  the  geologists  of  an  earlier 
period  discussed  the  question,  nowlong  completelydecided 
whether  fossil  species  in  general  are  really  extinct  species. 
16.  In  Languages. — Even  with  reference  to  the  Etio- 
logy of  language,  although  this  branch  of  science  has 
hardly  been  considered  separately  fi*om  the  glossological 
investigations  in  which  it  is  employed  or  assumed  to  be 
employed,  it  might  perhaps   be  possible   to  point   out 
causes  or  conditions  of  change  which,  being  general  in 
their  nature,   must   operate   upon   all   languages   alike. 
Changes  made  for  the  s^ke  of  euphony  when-  words  are 
modified  and  combined,  occur  in  all  dialects.     Who  can 
doubt  that  such  changes  /)f  consonants  as  those  by  which 
the  Greek  roots  become  Gothic,  and  the  Gothic,  German, 
have  for  their  cause  some  general  principle  in  the  pronun- 
ciation of  each  language  ?     Again,  we  might  attempt  to 
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decide  other  questions  of  no  small  interest.  Have  the 
terminations  of  verbs  arisen  from  the  accretion  of  pro- 
nouns ;  or,  on  the  other  hand,  does  the  modification  of  a 
verb  imply  a  simpler  mental  process  than  the  insulation 
of  a  pronoun,  as  Adam  Smith  has  maintained  ?  Again, 
when  the  language  of  a  nation  is  changed  by  the  invasion 
and  permanent  mixture  of  an  enemy  of  different  speech, 
is  it  generally  true  that  it  is  changed  fron\  a  synthetic  to 
an  analytical  structure  ?  I  will  mention  only  one  more 
of  these  wide  and  general  glossological  inquiries.  Is  it 
true,  as  Dr.  Prichard  has  suggested  *,  that  languages  have 
become  more  permanent  as  we  come  down  towards  later 
times?  May  we  justifiably  suppose,  with  him,  that  in  the 
very  earliest  times,  nations,  when  they  had  separated  from 
one  stock,  might  lose  all  traces  of  this  common  origin 
out  of  their  languages,  though  retaining  strong  evidences 
of  it  in  their  mythology,  social  forms,  and  arts,  as  appears 
to  be  the  case  with  the  ancient  Egyptians  and  the 
Indians  f? 

Large  questions  of  this  nature  cannot  be  treated  pro- 
fitably in  any  other  way  than  by  an  assiduous  study  of 
the  most  varied  forms  of  living  and  dead  languages.  But 
on  the  other  hand,  the  study  of  languages  should  be  pro- 
secuted not  only  by  a  direct  comparison  of  one  with 
another,  but  also  with  a  view  to  the  formation  of  a  science 
of  causes  and  general  principles,  embracing  such  discus- 
sions as  I  have  pointed  out.  It  is  only  when  such  a 
science  has  been  formed,  that  we  can  hope  to  obtain  any 
solid  and  certain  results  in  the  Palsetiology  of  language ; 
^-to  determine,  with  any  degree  of  substantial  proof, 
what  is  the  real  evidence  which  the  wonderful  faculty  of 
speech,  under  its  present  developments  and  forms,  bears  to 
the  events  which  have  taken  place  in  its  own  history,  and 
in  the  history  of  man  since  his  first  origin. 

•  Baearchei,  ii.  221.  t  Ih.,  ii.  192. 
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16.  Construction  of  Theories. — When  we  have  thus 
obtained,  with  reference  to  any  such  subject  as  those  we 
have  here  spoken  of,  these  two  portions  of  science,  a 
systematic  description  of  the  facts,  and  a  rigorous  analysis 
of  the  causes, — the  PJienomenology  and  the  jEtiohgy  of  the 
subject, — ^we  are  prepared  for  the  third  member  which 
completes  the  science,  the  Theory  of  the  actual  facts. 
We  can  then  take  a  view  of  the  events  which  really  have 
happened,  discerning  their  connexion,  interpreting  their 
evidence,  supplying  from  the  context  the  parts  which  are 
unapparent.  We  can  account  for  known  facts  by  intelli- 
gible causes,  we  can  infer  latent  facts  from  manifest 
effects,  so  as  to  obtain  a  distinct  insight  into  the  whole 
history  of  events  up  to  the  present  time,  and  to  see  the 
last  result  of  the  whole  in  the  present  condition  of  things. 
The  term  Theory,  when  rigorously  employed  in  such 
sciences  as  those  which  we  here  consider,  bears  nearly  the 
sense  which  I  have  adopted :  it  implies  a  consistent  and 
systematic  view  of  the  actual  facts,  combined  with  a  true 
apprehension  of  their  connexion  and  causes.  Thus  if  we 
speak  of  a  Theory  of  Mount  Etna,  or  a  Theory  of  the 
Paris  Basin,  we  mean  a  connected  and  intelligible  view 
of  the  events  by  which  the  rocks  in  these  localities  have 
come  into  their  present  condition.  Undoubtedly  the 
term  Theory  has  often  been  used  in  a  looser  sense  ;  and 
men  have  put  forth  Theories  of  tlie  Earthy  which,  instead 
of  including  the  whole  mass  of  actual  geological  facts  and 
their  causes,  only  assigned,  in  a  vague  manner,  some 
causes  by  which  some  few  phenomena  might,  it  was  con- 
ceived, be  accounted  for.  Perhaps  the  portion  of  our 
Palsetiological  Sciences  which  we  now  wish  to  designate, 
would  be  more  generally  understood  if  we  were  to  describe 
it  as  Theoretical  or  Philosophical  History ;  as  when  we 
talk  of  the  Theoretical  History  of  Architecture,  or  the 
Philosophical  History  of  Language.     And  in  the  same 
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tnanner  we  might  speak  of  the  Theoretical  History  of  the 
Animal  and  Vegetable  Kingdoms ;  meaning,  a  distinct 
acoount  of  the  events  which  have  produced  the  present 
distribution  of  species  and  families.  But  by  whatever 
phrase  we  describe  this  portion  of  science,  it  is  plain  that 
such  a  Theory,  such  a  Theoretical  History,  must  result 
from  the  application  of  causes  well  understood  to  facts 
Well  ascertained.  And  if  the  term  Theory  be  here  em- 
ployed we  must  recollect  that  it  is  to  be  understood,  not 
in  its  narrower  sense  as  opposed  to  facts^  but  in  its  wider 
signification,  as  including  all  known  facts  and  differing 
from  them  only  in  introducing  among  them  principles  of 
intelligible  connexion.  The  Theories  of  which  we  now 
speak  are  true  Theories,  precisely  because  they  are 
identical  with  the  total  system  of  the  Facts. 

17.  No  sound  PaUetiological  Theory  yet  ed?tant. — It  is 
not  to  disparage  the  present  state  of  science  to  say  that 
as  yet  no  such  theory  exists  on  any  subject.  **  Theories 
of  the  Earth*'  have  been  repeatedly  published ;  but  when 
we  consider  that  even  the  facts  of  geology  have  been 
observed  only  on  a  small  portion  of  the  earth's  surface, 
and  even  within  those  narrow  bounds  very  imperfectly 
studied,  vre  shall  be  able  to  judge  how  impossible  it  is 
that  geologists  should  have  yet  obtained  a  well-established 
Theoretical  History  of  the  changes  which  have  taken 
place  in  the  crust  of  the  terrestrial  globe  from  its  first 
origin.  Accordingly,  I  have  ventured  in  my  History 
to  designate  the  most  prominent  of  the  Theories  which 
have  hitherto  prevailed  bs  premature  geological  theories*: 
and  we  shall  soon  see  that  geological  theory  has  not 
advanced  beyond  a  few  conjectures,  and  that  its  culti- 
vators are  at  present  mainly  occupied  with  a  controversy 
in  which  the  two  extreme  hypotheses  which  first  offer 
themselves  to  men's  minds  are  opposed  to  each  other. 

•  HUt.  IntL  Set.,  iii.  603. 
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And  if  we  have  no  theoretical  history  of  the  earth  which 
merits  any  confidence,  still  less  have  we  any  theoretical 
History  of  Language,  or  of  the  Arts,  which  we  can  con- 
sider as  satisfactory.  The  Theoretical  History  of  the 
Vegetable  and  Animal  Kingdoms  is  closely  connected 
with  that  of  the  earth  on  which  they  subsist,  and  must 
follow  the  fortunes  of  geology.  And  thus  we  may  ven- 
ture to  say  that  no  Palcetiological  Science,  as  yet^  pos^ 
sesses  all  its  three  members.  Indeed  most  of  them  are 
very  far  from  having  completed  and  systematized  their 
Phenomenology :  in  all,  the  cultivation  of  ^Etiology  is 
but  just  begun,  or  is  not  begun ;  in  all,  the  Theory  must 
reward  the  exertions  of  future,  probably  of  distant,  gene- 
rations. 

But  in  the  mean  time  we  may  derive  some  instruction 
from  the  comparison  of  the  two  antagonist  hypotheses  of 
which  I  have  spoken. 


Chapter  III. 

OP  THE  DOCTRINE  OF  CATASTROPHES  AND  THE 

DOCTRINE  OF  UNIFORMITY. 

1.  Doctrine  of  Catastrophes. — I  have  already  shown, 
in  the  History  of  Geology,  that  the  attempts  to  frame  a 
theory  of  the  earth  have  brought  into  view  two  com- 
pletely opposite  opinions: — one,  which  represents  the 
course  of  nature  as  uniform  through  all  ages,  the  causes 
which  produce  change  having  had  the  same  intensity  in 
former  times  which  they  have  at  the  present  day; — the 
other  opinion,  which  sees  in  the  present  condition  of 
things  evidences  of  catastrophes ;  changes  of  a  more  sweep- 
ing kind,  and  produced  by  more  powerful  agencies  than 
those  which  occur  in  recent  times.     Geologists  who  held 
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the  latter  opinion,  maintained  that  the  forces  which  have 
elevated  the  Alps  or  the  Andes  to  their  present  height 
could  not  have  been  any  forces  which  are  now  in  action : 
they  pointed  to  vast  masses  of  strata  hundreds  of  miles 
long,  thousands  of  feet  thick,  thrown  into  highly-inclined 
positions,  fractured,  dislocated,  crushed:  they  remarked 
that  upon  the  shattered  edges  of  such  strata  they  found 
enormous  accumulations  of  fragments  and  rubbish, 
rounded  by  the  action  of  water,  so  as  to  denote  ages  of 
violent  aqueous  action:  they  conceived  that  they  saw 
instances  in  which  whole  mountains  of  rock  in  a  state  of 
igneous  fusion,  must  have  burst  the  earth's  crust  from 
below :  they  found  that  in  the  course  of  the  revolutions 
by  which  one  stratum  of  rock  was  placed  upon  another, 
the  whole  collection  of  animal  species  which  tenanted 
the  earth  and  the  seas  had  been  removed,  and  a  new  set 
of  living  things  introduced  in  its  place:  finally,  they 
found  above  all  the  strata  vast  masses  of  sand  and  gravel 
containing  bones  of  animals,  and  apparently  the  work  of 
a  mighty  deluge.  With  all  these  proofs  before  their  eyes 
they  thought  it  impossible  not  to  judge  that  the  agents 
of  change  by  which  the  world  was  urged  from  one  con- 
dition to  another  till  it  reached  its  present  state  must 
have  been  more  violent,  more  powerful,  than  any  which 
we  see  at  work  around  us.  They  conceived  that  the 
evidence  of  "  catastrophes  "  was  irresistible. 

2.  Doctinne  of  Uniformity. —  I  need  not  here  repeat 
the  narrative  (given  in  the  History*)  of  the  process  by 
which  this  formidable  array  of  proofs  was,  in  the  minds 
of  some  eminent  geologists,  weakened,  and  at  last  over- 
come. This  was  done  by  showing  that  the  sudden  breaks 
in  the  succession  of  strata  were  apparent  only,  the  dis- 
continuity of  the  series  which  occurred  in  one  country 
being  removed  by  terms  interposed  in  another  locality : 

•  Hi$t.  Ind,  Set.,  ill.  612. 
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by  urging^  that  the  total  effect  produced  by  existing 
causefl^  taking  into  account  the  accumulated  result  of 
long  periods,  is  for  greater  than  a  casual  speculator  would 
think  possible :  by  making  it  appear  that  there  are  in 
many  parts  of  the  world  evidences  of  a  slow  and  imper- 
ceptible rising  of  the  land  since  it  was  the  habitation  of 
now  existing  species :  by  proving  that  it  is  not  univer- 
sally true  that  the  strata  separated  in  time  by  supposed 
catastrophes  contain  distinct  species  of  animals:  by 
pointing  out  the  limited  fields  of  the  supposed  diluvial 
action :  and  finally,  by  remarking  that  though  the  creation 
of  species  is  a  mystery,  the  ea^tindion  of  them  is  going  on 
in  our  own  day.  Hypotheses  were  suggested,  too,  by 
which  it  was  conceived  that  the  change  of  climate  might 
be  explained,  which,  as  the  consideration  of  the  fossil 
remains  seemed  to  show,  must  have  taken  place  between 
the  ancient  and  the  modem  times.  In  this  manner  the 
whole  evidence  of  catastrophes  was  explained  away :  the 
notion  of  a  series  of  paroxysms  of  violence  in  the  causes 
of  change  was  represented  as  a  delusion  arising  from  our 
contemplating  short  periods  only  in  the  action  of  present 
causes :  length  of  time  was  called  in  to  take  the  place  of 
intensity  of  force :  and  it  was  declared  that  geology  need 
not  despair  of  accounting  for  the  revolutions  of  the  earth, 
as  astronomy  accounts  for  the  revolutions  of  the  heavens, 
by  the  universal  action  of  causes  which  are  close  at  hand 
to  us,  operating  through  time  and  space  without  variation 
or  decay. 

An  antagonism  of  opinions,  somewhat  of  the  same 
kind  as  this,  will  be  found  to  manifest  itself  in  the  other 
Palsetiological  Sciences  as  well  as  in  Geology;  and  it  will 
be  instructive  to  endeavour  to  balance  these  opposite 
doctrines.  I  will  mention  some  of  the  considerations 
which  bear  upon  the  subject. 

3.  Is  Uniformity  probable  a  priori  f — ^The  doctrine  of 
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Uliifbnnity  in  the  course  of  nsiture  has  Bometimes  been 
represented  by  its  adherents  as  possessing  a  great  degree 
of  a  priori  probability.  It  is  highly  unphilosophicalf  it 
hias  been  urged,  to  assume  that  the  causes  of  the  geolo- 
gical events  of  former  times  were  of  a  diffbrent  kind  from 
causes  now  in  action,  if  causes  of  this  latter  kind  can  in 
any  way  be  made  to  explain  the  facts.  The  analogy  of 
all  other  sciences  compels  us,  it  was  said,  to  explain  phot- 
nomena  by  known,  not  by  unknown,  causes.  And  on 
these  grounds  the  geological  teacher  recommended*  ^'an 
earnest  and  patient  endeavour  to  reconcile  the  indications 
of  former  change  with  the  evidence  of  gradual  mutations 
now  in  progress." 

But  on  this  we  may  remark,  that  if  by  known  causes 
we  mean  causes  acting  with  the  same  intensity  which 
they  have  had  during  historical  times,  the  restriction  is 
altogether  arbitraiy  and  groundless.  Let  it  be  granted, 
for  instance,  that  many  parts  of  the  earth's  surface  are 
now  undergoing  an  imperceptible  rise.  It  is  not  pre- 
tended that  the  rate  of  this  elevation  is  rigorously  uni- 
form ;  what,  then,  are  the  limits  of  its  velocity  ?  Why  may 
it  not  increase  so  as  to  assume  that  character  of  violence 
which  we  may  term  a  catastrophe  with  reference  to  all 
changes  hitherto  recorded  ?  Why  may  not  the  rate  of 
elevation  be  such  that  we  may  conceive  the  strata  to 
assume  rnddenly  a  position  nearly  vertical  ?  and  is  it,  in 
fact,  easy  to  conceive  a  position  of  strata  nearly  vertical, 
a  position  which  occurs  so  frequently,  to  be  gradually 
assumed  ?  In  cases  where  the  strata  are  nearly  vertical, 
as  in  the  Isle  of  Wight,  and  hundreds  of  other  places,  or 
where  they  are  actually  inverted,  as  sometimes  occurs,  are 
not  the  causes  which  have  produced  the  effect  as  truly 
known  causes,  as  those  which  have  raised  the  coasts  where 
we  trace  the  former  beach  in  an  elevated  terrace?    If 

*  Ltbix,  b.  iv.  0. 1,  p,  338. 
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the  latter  case  proves  shw  elevation,  does  not  the  former 
case  prove  rapid  elevation  ?  In  neither  case  have  we  any 
measure  of  the  time  employed  in  the  change ;  but  does 
not  the  very  nature  of  the  results  enable  us  to  discerui 
that  if  one  was  gradual,  the  other  was  comparatively 
sudden  ? 

The  causes  which  are  now  elevating  a  portion  of 
Scandinavia  can  be  called  known  cames^  only  because  we 
know  the  effect.  Are  not  the  causes  which  have  elevated 
the  Alps  and  the  Andes  known  causes  in  the  same  sense? 
We  know  nothing  in  either  case  which  confines  the 
intensity  of  the  force  within  any  limit,  or  prescribes  to  it 
any  law  of  uniformity.  Why,  then,  should  we  make  a 
merit  of  cramping  our  speculations  by  such  assumptions  ? 
Whether  the  causes  of  change  do  act  uniformly; — 
whether  they  oscillate  only  within  narrow  limits;— 
whether  their  intensity  in  former  times  was  nearly  the 
same  as  it  now  is; — these  are  precisely  the  questions 
which  we  wish  Nature  to  answer  to  us  impartially  and 
truly:  where  is  then  the  wisdom  of  ^'an  earnest  and 
patient  endeavour  "  to  secure  an  affirmative  reply  ? 

Thus  I  conceive  that  the  assertion  of  an  a  priori 
claim  to  probability  and  philosophical  spirit  in  favour  of 
the  doctrine  of  uniformity,  is  quite  untenable.  We  must 
learn  from  an  examination  of  all  the  facts,  and  not  from 
any  assumption  of  our  own,  whether  the  course  of  nature 
be  uniform.  The  limit  of  intensity  being  really  unknown, 
catastrophes  are  just  as  probable  as  uniformity.  If  a 
volcano  may  repose  for  a  thousand  years,  and  then  break 
out  and  destroy  a  city;  why  may  not  another  volcano 
repose  for  ten  thousand  years,  and  then  destroy  a  con- 
tinent ;  or  if  a  continent,  why  not  the  whole  habitable 
surface  of  the  earth  ? 

4.  Cyde  of  Uniformity  indefnite.'-^But  this  argument 
may  be  put  in  another  form.    When  it  is  said  that  the 
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course  of  nature  is  uniform,  the  assertion  is  not  intended 
to  exclude  certain  smaller  variations  of  violence  and  rest, 
such  as  we  have  just  spoken  of; — alternations  of  activity 
and  repose  in  volcanos;  or  earthquakes,  deluges,  and 
storms,  interposed  in  a  more  tranquil  state  of  things. 
With  regard  to  such  occurrences,  terrible  as  they  appear 
at  the  time,  they  may  not  much  affect  the  average  rate 
of  change ;  there  may  be  a  cydcy  though  an  irregular  one, 
of  rapid  and  slow  change ;  and  if  such  cycles  go  on  suc- 
ceeding each  other,  we  may  still  call  the  order  of  nature 
uniform,  notwithstanding  the  periods  of  violence  which 
it  involves.  The  maximum  and  minimum  intensities  of 
the  forces  of  mutation  alternate  with  one  another ;  and  we 
may  estimate  the  average  course  of  nature  as  that  which 
corresponds  to  something  between  the  two  extremes. 

But  if  we  thus  attempt  to  maintain  the  uniformity  of 
nature  by  representing  it  as  a  series  of  cydes,  we  find 
that  we  cannot  discover,  in  this  conception,  any  solid 
ground  for  excluding  catastrophes.  What  is  the  length 
of  that  cycle,  the  repetition  of  which  constitutes  uni- 
formity? What  interval  from  the  maximum  to  the 
minimum  does  it  admit  of?  We  may  take  for  our  cycle 
a  hundred  or  a  thousand  years,  but  evidently  such  a  pro- 
ceeding is  altogether  arbitrary.  We  may  mark  our  cycles 
by  the  greatest  known  paroxysms  of  volcanic  and  terre- 
motive  agency,  but  this  procedure  is  no  less  indefinite 
and  inconclusive  than  the  other. 

But  further;  since  the  cycle  in  which  violence  and 
repose  alternate  is  thus  indefinite  in  its  length  and  in  its 
range  of  activity,  what  ground  have  we  for  assuming 
more  than  one  such  cycle,  extending  from  the  origin  of 
things  to  the  present  time  ?  Why  may  we  not  suppose 
the  maximum  force  of  the  causes  of  change  to  have  taken 
place  at  the  earliest  period,  and  the  tendency  towards  the 
minimum  to  have  gone  on  ever  since?    Or  instead  of 
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only  one  cycle,  there  may  have  been  several,  but  of  such 
length  that  our  historical  period  forms  a  portion  only  of 
the  last ; — ^the  feeblest  portion  of  the  latest  cycle.  And 
thus  violence  and  repose  may  alternate  upon  a  scale  of 
time  and  intensity  so  large,  that  man's  experience  sup- 
plies no  evidence  enabling  him  to  estimate  the  amount. 
The  course  of  things  is  uniform^  to  an  Intelligence  which 
can  embrace  the  succession  of  several  cycles,  but  it  is 
catastrophic  to  the  contemplation  of  man,  whose  survey 
can  grasp  a  part  only  of  one  cycle.  And  thus  the  hypo« 
thesis  of  uniformity,  since  it  cannot  exclude  degrees  of 
change,  nor  limit  the  range  of  these  degrees,  nor  define 
the  interval  of  their  recurrence,  cannot  possess  any  essen- 
tial simplicity  which,  previous  to  inquiry,  gives  it  a  claim 
upon  our  assent  superior  to  that  of  the  opposite  cata- 
strophic hypothesis. 

5.  Vniformitarian  Arguments  are  Negative  onb/.^^ 
There  is  an  opposite  tendency  in  the  mode  of  maintaining 
the  catastrophist  and  the  uniformitarian  opinions,  which 
depends  upon  their  fundamental  principles,  and  shows 
itself  in  all  the  controversies  between  them.  The  Cata- 
strophist is  affirmative,  the  Uniformitarian  is  negative  in 
his  assertions:  the  former  is  constantly  attempting  to 
construct  a  theory ;  the  latter  delights  in  demolishing  all 
theories.  The  one  is  constantly  bringing  fresh  evidence 
of  some  great  past  event,  or  series  of  events,  of  a  striking 
and  definite  kind ;  his  antagonist  is  at  every  step  explain- 
ing away  the  evidence,  and  showing  that  it  proves  nothing. 
One  geologist  adduces  his  proofs  of  a  vast  universal  deluge; 
but  another  endeavours  to  show  that  the  proofs  do  not 
establish  either  the  universality  or  the  vastness  of  such  an 
event.  The  inclined  broken  edges  of  a  certain  formation 
covered  with  their  own  fragments  beneath  supeijaceut 
horizontal  deposits  are  at  one  time  supposed  to  prove  a 
catastrophic  breaking  up  of  the  earlier  strata ;  but  this 
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Opinion  if  eoiitroTeited  by  showing  that  the  same  forma- 
tions, when  pursued  into  other  countries,  exhibit  a  uni- 
form gradation  from  the  lower  to  the  upper,  with  no 
trace  of  Tiolence.  EztensiTO  and  lofty  elevations  of  the 
coast,  continents  of  igneous  rock,  at  first  appear  to  indi- 
cate operations  fisur  more  gigantic  than  those  which  now 
occur ;  but  attempts  are  soon  made  to  show  that  time 
only  is  wanting  to  enable  the  present  age  to  rival  the  past 
in  the  production  of  such  changes.  Each  new  fact  ad* 
duced  by  the  catastrophist  is  at  first  striking  and  appa- 
rently convincing ;  but  as  it  becomes  iamiliar,  it  strikes 
the  imagination  less  powerfully ;  and  the  uniformitarian, 
constantly  labouring  to  produce  some  imitation  of  it  by 
the  machinery  which  he  has  so  well  studied,  at  last  in 
every  case  seems  to  himself  to  succeed,  so  fiEur  as  to  destroy 
the  effect  of  his  opponent's  evidence. 

This  is  so  vrith  regard  to  more  remote,  as  well  as  with 
regard  to  immediate  evidences  of  change.  When  it  is 
ascertained  that  in  every  part  of  the  earth's  crust  the 
temperature  inereases  as  we  descend  below  the  .surface^ 
at  first  this  fynet  seems  to  indicate  a  central  heat :  and  a 
central  heat  naturally  suggests  an  earlier  state  of  the 
mass,  in  which  it  vras  incandescent,  and  from  which  it  is 
now  cooling.  But  this  original  incandescence  of  the 
globe  of  the  earth  is  manifestly  an  entire  violation  of  the 
present  course  of  things ;  it  belongs  to  the  catastrophist 
view,  and  the  advocates  of  uniformity  have  to  explain  it 
away.  Accordingly^  one  of  them  holds  that  this  increase 
of  heat  in  descending  below  the  surface  may  very  possibly 
not  go  on  all  the  way  to  the  centre.  The  heat  which  in- 
creases at  first  as  we  descend,  may,  he  conceives,  after- 
wards decrease ;  and  he  suggests  causes  which  may  have 
produced  such  a  succession  of  hotter  and  colder  shells 
vrithin  the  mass  of  the  earth.  I  have  mentioned  this 
raggesiion  in  the  History  of  Geology)  and  have  given 
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my  tHMsons  ibr  belieYing  it  ttltid^tber  lititenitbto*.  Othw 
persons  ttlsd^  desirotig  6f  rd<H)tioillng  this  Bubtenaneoua 
heat  with  the  ti^net  of  unifoitiilty)  hate  dflfefed  atiothef 
suggestion: — that  the  wantith  or  incand^scetice  of  the 
intedof  parts  of  the  earth  does  not  arise  out  of  an  ori« 
ginally  hot  condition  from  which  it  is  gradually  eooling^ 
but  results  from  chemical  action  ootist&ntly  going  oii 
among  the  materials  of  the  earth's  substance.  And  thus 
new  attempts  are  perpetually  making,  to  escape  from  the 
cogency  of  the  reasonings  which  send  us  towards  an  ori^* 
gind  state  of  things  different  from  the  presents  Those 
who  theorize  concerning  an  origin  go  on  building  up  th6 
ittbrio  of  their  speculations,  while  those  who  think  such 
theories  unphilosophical,  ever  and  anon  dig  away  the 
foundation  of  this  structure.  As  we  have  already  said,  the 
uniformitarian's  doctrines  are  a  collection  of  negatiyes. 

This  is  so  entirely  the  case^  that  the  Unifbrmitariati 
would  for  the  most  part  shrink  from  maintaining  as 
positife  tenets  the  explanations  which  he  so  willingly 
uses  as  instruments  of  controversy.  He  puts  forward  hitf 
suggestions  as  difficulties,  but  he  will  not  stand  by  them 
as  doctrines.  And  this  is  in  accordance  with  his  general 
tendency ;  for  any  of  his  hypotheses,  if  insisted  upon  as 
positive  theories^  would  be  found  inconsistent  With  the 
assertion  of  uniformity.  For  example,  the  nebular  hypo^ 
thesis  appears  to  give  to  the  history  of  the  heavetis  ati 
aspect  which  obliterates  all  special  acts  of  creation, 
for,  according  to  that  h3rpothesi8^  new  planetary  systems 
are  constantly  forming ;  but  when  asserted  te  the  origin 
of  our  own  solar  system,  it  brings  with  it  an  original 
incandescence,  and  an  origin  of  the  organic  world.  And 
if,  instead  of  using  the  chemical  theory  of  subterraneous 
heat  to  neutraluse  the  evidence  of  original  incandMcenet^ 
We  aisert  it  as  a  positive  tenet,  we  can  no  longer  maiii« 

*  HUt.  tnd.  ISd^  iii.  S62,  &iid  n6f0. 
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tain  the  infinite  past  duration  of  the  earth ;  for  chemical 
forces,  as  well  as  mechanical,  tend  to  equilibrium ;  and 
that  condition  once  attained,  their  efficacy  ceases.  Che- 
mical affinities  tend  to  form  new  compounds ;  and  though, 
when  many  and  Tarious  elements  are  mingled  together, 
the  play  of  synthesis  and  analysis  may  go  on  for  a  long 
time,  it  must  at  last  end.  If,  for  instance,  a  large  por- 
tion of  the  earth's  mass  were  originally  pure  potassium, 
we  can  imagine  violent  igneous  action  to  go  on  so  long 
as  any  part  remained  unoxidized ;  but  when  the  oxidation 
of  the  whole  has  once  taken  place,  this  action  must  be 
at  an  end;  for  there  is  in  the  hypothesis  no  agency 
which  can  reproduce  tbe  deoxidized  metal.  Thus  a  per- 
petual motion  is  impossible  in  chemistry,  as  it  is  in 
mechanics ;  and  a  theory  of  constant  change  continued 
through  infinite  time,  is  untenable  when  asserted  upon 
chemical,  no  less  than  upon  mechanical  principles.  And 
thus  the  scepticism  of  the  uniformitarian  is  of  force  only 
so  long  as  it  is  employed  against  the  dogmatism  of  the 
catastrophist.  When  the  doubts  are  erected  into  dogmas, 
they  are  no  longer  consistent  with  the  tenet  of  unifor- 
mity. When  the  negations  become  affirmations,  the 
negation  of  an  origin  vanishes  also. 

6.  Uniformity  in  the  Organic  World. — ^In  speaking  of 
the  violent  and  sudden  changes  which  constitute  cata- 
strophes, our  thoughts  naturally  turn  at  first  to  great 
mechanical  and  physical  effects; — ^ruptures  and  displace- 
ments of  strata;  extensive  submersions  and  emersions  of 
land;  rapid  changes  of  temperature.  But  the  catastrophes 
which  we  have  to  consider  in  geology  affect  the  organic  as 
well  as  the  inorganic  world.  The  sudden  extinction  of  one 
collection  of  species,  and  the  introduction  of  another  in 
their  place,  is  a  catastrophe,  even  if  unaccompanied  by 
mechanical  violence.  Accordingly,  the  antagonism  of 
the  catastrophist  and  uniformitarian  school  has  shown 
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itself  in  thia  department  of  the  subject,  as  well  as  in  the 
other.  When  geologists  had  first  discovered  that  the 
successive  strata  are  each  distinguished  by  appropri- 
ate organic  fossils,  they  assumed  at  once  that  each  of 
these  collections  of  living  things  belonged  to  a  separate 
creation.  But  this  conclusion,  as  I  have  already  said, 
Mr.  Lyell  has  attempted  to  invalidate,  by  proving  that  in 
the  existing  order  of  things,  some  species  become  extinct; 
and  by  suggesting  it  as  possible,  that  in  the  same  order  it 
may  be  true  that  new  species  are  from  time  to  time  pro- 
duced, even  in  the  present  course  of  nature.  And  in* 
this,  as  in  the  other  part  of  the  subject,  he  calls  in  the; 
aid  of  vast  periods  of  time,  in  order  that  the  violence  of 
the  changes  may  be  softened  down :  and  he  appears  dis- 
posed to  believe  that  the  actual  extinction  and  creation 
of  species  may  be  so  slow  as  to  excite  no  more  notice^ 
than  it  has  hitherto  obtained;  and  yet  may  be  rapid 
enough,  considering  the  immensity  of  geological  periods, 
to  produce  such  a  succession  of  different  collections  of 
i^cies  as  we  find  in  the  strata  of  the  earth's  surface. 

7.  Origin  of  the  present  Organic  World. — ^The  last 
great  event,  in  the  history  of  the  vegetable  and  animal 
kingdoms  was  that  by  which  their  various  tribes  were 
placed  in  their  present  seats.  And  we  may  form  vari- 
ous hypotheses  with  regard  to  the  sudden  or  gradual 
manner  in  which  we  may  suppose  this  distribution  to 
have  taken  place.  We  Aay  assume  that  at  the  begin- 
ning of  the  present  order  of  things,  a  stock  of  each  species 
was  placed  in  the  vegetable  or  animal  p*om7ice  to  which 
it  belongs,  by  some  cause  out  of  the  common  order  of 
nature;  or  we  may  take  a  uniformitarian  view  of  the 
subject,  and  suppose  that  the  provinces  of  the  organic 
world  derived  their  population  from  some  anterior  state 
'4if  things  by  the  operation  of  natural  causes. 

Nothing  has  been  pointed  out  in  the  existing  order 
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of  thibg8  which  h9J3  any  analogy  or  resemblance,  of  any 
Talid  kind,  to  that  creative  energy  which  must  be  exerted 
in  the  production  of  a  new  species.  And  to  assume  the 
introduction  of  new  species  as  a  part  of  the  order  of 
nature,  without  pointing  out  any  natural  fact  with  which 
9ich  an  event  can  be  classed,  wx)uld  be  to  reject  creation 
by  an  arbitrary  act.  Hence,  even  on  natural  grounds,  the 
most  intelligible  view  of  the  history  of  the  animal  and 
vegetable  kingdoms  seems  to  be,  that  each  period  which 
18  marked  by  a  distinct  collection  of  species  forms  a  cycle ; 
md  that  at  the  banning  of  each  such  cycle  a  creative 
power  was  exerted,  of  a  kind  to  which  there  was  nothing 
l^t  all  analogous  in  the  succeeding  part  of  the  same  cycle. 
If  it  be  urged  that  in  some  cases  the  same  species,  or  the 
wne  genus,  runs  through  two  geological  formations,  which 
Biust,  on  other  grounds,  be  referred  to  different  cycles  of 
ereative  energy^  we  may  reply  that  the  creation  of  many 
pew  species  does  not  imply  the  extinction  of  all  the  old 
l^es. 

Thus  we  are  led  by  our  reasonings  to  this  view,  that 
^e  present  order  of  things  was  commenced  by  an  act  of 
Qveative  power  entirely  different  to  any  agency  which  has 
b^fHI  exerted  since.  None  of  the  influences  which  have 
modified  the  present  races  of  animals  and  plants  since 
^ey  were  placed  in  their  habitations  on  the  earth's  sur« 
face  can  have  had  any  efficacy  in  producing  them  at  first. 
We  are  necessarily  driven  to  assume,  as  the  beginning  of 
the  present  cycle  of  organic  nature,  an  event  not  included 
^1  the  course  of  nature.  And  we  may  remark  that  this 
necessity  is  the  more  cogent,  precisely  because  other  cycles 
^Ave  preceded  the  present. 

8.  Nebtdar  Origin  of  the  Solar  System. — If  we  attempt 
tp  apply  the  same  antithesis  of  opinion  (the  doctriues  of 
catastrophe  and  uniformity,)  to  the  other  subjects  of 
patotiological  s^enc^  we  shall  be  led  to  similar  conclu- 
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sions.  Thus  if  we  turn  our  attention  to  astronomical 
palsetiologj,  we  perceive  that  the  nebular  hypothesis  has 
a  uniformitarian  tendency.  According  to  this  hypothesis 
the  formation  of  this  our  system  of  sun,  planets,  and 
satellites,  was  a  process  of  the  same  kind  as  those  which 
are  still  going  on  in  the  heavens.  One  after  another, 
nebulas  condense  into  separate  masses,  which  begin  to 
revolve  about  each  other  by  mechanical  necessity,  and 
form  systems  of  which  our  solar  system  is  a  finished 
example.  But  we  may  remark,  that  the  uniformitarian 
doctrine  on  this  subject  rests  on  most  unstable  fbunda* 
tions.  We  have  as  yet  only  very  vague  and  Imperfect 
reasonings  to  show  that  by  such  condensation  a  material 
system  such  as  ours  could  result ;  and  the  introduction 
of  wganized  beings  into  such  a  material  system  is  utterly 
out  of  the  reach  of  our  philosophy.  Here  again,  there* 
fore,  we  are  led  to  regard  the  present  order  of  the  world 
as  pointing  towards  an  origin  altogether  of  a  different 
kind  from  anything  which  our  material  science  can  grasp. 
9.  Origin  of  Languages. — ^We  may  venture  to  say  that 
we  should  be  led  to  the  same  conclusion  once  more,  if 
we  were  to  take  into  our  consideration  those  paletiolo* 
gical  sciences  which  are  beyond  the  domain  of  matter; 
for  instance,  the  history  of  languages.  We  may  explain 
many  of  the  differences  and  changes  which  we  become 
acquainted  with,  by  referring  to  the  action  of  causes  of 
change  which  still  operate.  But  what  glossologist  will 
venture  to  declare  that  the  efficacy  of  such  causes  has 
been  uniform ;  that  the  influences  which  mould  a  ]an-< 
guage,.or  make  one  language  differ  from  others  of  the 
same  stock,  operated  formerly  with  no  more  efficacy  thian 
they  exercise  now.  "  Where,'*  as  has  elsewhere  been 
asked,  "do  we  now  find  a  language  in  the  process  of 
formation,  udfolding  itself  in  inflexions,  terminations, 
changes  of  vowels  by  grammatical  relatione,  such  as  eha^ 
racterize  the  oldest  known  languages  ?'*    Again,  as  another 
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proof  how  little  the  history  of  languages  suggests  to  the 
philosophical  glossologist  the  persuasion  of  a  uniform 
action  of  the  causes  of  change,  I  may  refer  to  the 
conjecture  of  Dr.  Prichard,  that  the  varieties  of  language 
produced  by  the  separation  of  one  stock  into  several, 
have  been  greater  and  greater  as  we  go  backwards  in 
history : — ^that  *  the  formation  of  sister  dialects  from  a 
common  language,  (as  the  Scandinavian,  Grerman,  and 
Saxon  dialects  from  the  Teutonic,  or  tlie  Gaelic,  Erse  and 
Welsh  from  the  Celtic,)  belongs  to  the  first  millennium 
before  the  Christian  era ;  while  the  formation  of  cognate 
languages  of  the  same  fisunily,  as  the  Sanskrit,  Latin,  Greek 
and  Gothic,  must  be  placed  at  least  two  thousand  years 
before  that  era ;  and  at  a  still  earlier  period  took  place 
the  separation  of  the  great  families  themselves,  the  Indo« 
European,  Semitic,  and  others,  in  which  it  is  now  diffi- 
cult to  trace  the  features  of  a  common  origin.  No 
hypothesis  except  one  of  this  kind  will  explain  the  exist- 
ence of  the  families,  groups,  and  dialects  of  languages, 
which  we  find  in  existence.  Yet  this  is  an  entirely  dif- 
ferent view  from  that  which  the  hypothesis  of  the  uniform 
progress  of  change  would  give.  And  thus  in  the  earliest 
stages  of  man's  career,  the  revolutions  of  language  must 
have  been,  even  by  the  evidence  of  the  theoretical  his- 
tory of  language  itself,  of  an  order  altogether  different 
from  any  which  have  taken  place  within  the  i*ecent 
history  of  man.  And  we  may  add,  that  as  the  early 
stages  of  the  progress  of  language  must  have  been  widely 
different  from  those  lat^r  ones  of  which  we  can  in  some 
measure  trace  the  natural  causes,  we  cannot  place  the 
origin  of  language  in  any  point  of  view  in  which  it  comes 
under  the  jurisdiction  of  natural  causation  at  all. 

10.  No  Natural  Origin  discare^'aUe. — We  are  thus  led 
by  a  survey  of  several  of  the  palsetiological  sciences  to  a 
confiimation  of  the  principle  formerly  asserted  f,   That 

•  Begearch€$,  ii.,  224.  f  ^«'-  ^«^.  '*».,  iii.>  581. 
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in  no  palsetiologioal  science  has  man  been  able  to  arrive 
at  a  beginning  ivhich  is  homogeneoos  with  the  known 
course  of  events.  We  can  in  such  sciences  often  go  very 
fer  back ; — determine  many  of  the  remote  circumstances 
of  the  past  series  of  events; — ascend  to  a  point  which 
seems  to  be  near  the  origin ; — and  limit  the  hypotheses  re^ 
specting  the  origin  itself: — ^but  philosophers  never  have 
demonstrated,  and,  so  far  as  we  can  judge,  probably  never 
will  be  able  to  demonstrate,  what  was  that  primitive  state 
of  things  from  which  the  progressive  course  of  the  world 
took  its  first  departure.  In  all  these  paths  of  research, 
when  we  travel  far  backwards,  the  aspect  of  the  earlier 
portions  becomes  very  different  from  that  of  the  advanced 
part  on  which  we  now  stand ;  but  in  all  cases  the  path  is 
lost  in  obscurity  as  it  is  traced  backwards  towards  its 
starting  point : — ^it  becomes  not  only  invisible,  but  unima^ 
ginable;  it  is  not  only  an  interruption,  but  an  abyss^ 
which  interposes  itself  between  us  and  any  intelligible 
beginning  of  things. 


Chapter  IV. 

OF  THE  RELATION  OF  TRADITION  TO  PALiE- 

TIOLOGY. 

1.  Importance  of  Tradition. — Since  the  Palsetiological 
Sciences  have  it  for  their  business  to  study  the  train  of 
past  events  produced  by  natural  causes  down  to  the  present 
time,  the  knowledge  concerning  such  events  which  is 
supplied  by  the  remembrance  and  records  of  man,  in 
whatever  form,  must  have  an  important  bearing  upon 
these  sciences.  All  changes  in  the  condition  and  extent 
of  land  and  sea,  which  have  taken  place  within  man's  ob- 
servation, all  effects  of  deluges,  sea^waves,  rivers,  springs, 
ToltanoSy  earthquakes,  and  the  like,  which  come  vrithin 
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the  reach  of  human  history,  have  a  strong  interest  for 
the  paleetiologist.  Nor  is  he  less  concerned  in  all  recorded 
instances  of  the  modification  of  the  forms  and  habits  of 
plants  and  animals,  by  the  operations  of  man,  or  by 
transfer  from  one  land  to  another.  And  ivhen  we  come 
to  the  Palastiology  of  Language,  of  Art,  of  Civilization, 
ve  find  our  subject  still  more  closely  connected  with 
history;  for  in  truth  these  are  historical,  no  less  than 
palsBtiological  investigations.  But,  confining  ourselves  at 
present  to  the  material  sciences,  we  may  observe  that 
though  the  importance  of  the  information  which  tradition 
gives  us,  in  the  sciences  now  under  our  consideration,  as, 
for  instance  geology,  has  long  been  tacitly  recognised;  yet 
it  is  only  recently  that  geologists  have  employed  themselves 
in  collecting  their  historical  facts  upon  such  a  scale  and 
with  such  comprehensive  views  as  are  required  by  the 
interest  and  use  of  collections  of  this  kind.  The  Essay 
of  Von  HofF*,  On  the  Natural  Alterations  in  the  Surface 
of  the  Earth  which  are  proved  hy  Tradition,  was  the  work 
which  first  opened  the  eyes  of  geologists  to  the  extent 
and  importance  of  this  kind  of  investigation.  Since  that 
time  the  same  path  of  research  has  been  pursued  with 
great  perseverance  by  others,  especially  by  Mr.  Lyell; 
and  is  .now  justly  considered  as  an  essential  portion  of 
geology. 

2.  Conneanon  of  Tradition  and  Science. — ^Events  which 
we  might  naturally  expect  to  have  some  bearing  on  geo- 
logy, are  recorded  in  the  historical  writings  which,  even 
on  mere  human  grounds,  have  the  strongest  claim  to  our 
respect  as  records  of  the  early  history  of  the  world,  and 
are  confirmed  by  the  traditions  of  various  nations  all  over 
the  globe,  namely,  the  formation  of  the  earth  and  its 
population,  and  a  subsequent  deluge.  It  has  been  made 
A  matter  of  controversy  how  the  narrative  of  these  events 

*  Vol.  i.,  1822;  vol.  ii.,  1824. 
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is  to  bid  understood,  so  as  to  make  it  agree  with  the  facts 
which  an  examination  of  the  earth's  surface  and  of  its 
vegetable  and  animal  population  discloses  to  us.  8uch 
Qontroversies,  when  they  are  considered  as  merely  archaeo- 
logical, may  occur  in  any  of  the  palsetiological  sciences. 
We  inay  have  to  compare  and  to  reconcile  the  evidence 
pf  existing  phenomena  with  that  of  historical  tradition. 
But  under  some  circumstances  this  process  of  conciliation 
may  furaume  an  interest  of  another  kind,  on  which  we 
will  make  a  few  remarks. 

3-  Natural  and  Providential  History  of  the  World.-^^ 
Wq  may  contemplate  the  existence  of  man  upon  the 
earth,  his  origin  and  his  progress,  in  the  same  manner  as 
we  contemplate  the  existence  of  any  other  race  of  ani- 
Bials ;  namely,  in  a  purely  palaeitiological  view.  We  may 
consider  how  far  our  knowledge  of  laws  of  causation 
enables  us  to  explain  his  diffusion  and  migration,  his 
4iffer^nces  and  resemblances,  his  actions  and  works.  And 
this  is  the  view  of  man  as  a  member  of  the  natural  course 
Qf  things. 

But  man,  at  the  same  time  the  contemplator  and  the 
subject  of  his  own  contemplation,  endowed  with  facul* 
ties  and  powers  which  make  him  a  being  of  a  different 
nature  from  other  animals,  cannot  help  regarding  his  own 
KjCtions  and  enjoyments,  his  recollections  and  his  hopes, 
under  an  aspect  quite  different  from  any  that  we  have 
yet  had  presented  to  us.  We  have  been  endeavouring 
to  place  in  a  clear  light  the  Fundamental  Ideas,  such  as 
that  of  Cause,  on  which  depends  our  knowledge  of  the 
:Mtural  course  of  things.  But  there  are  other  Ideas  to 
which  man  necessarily  refers  his  actions ;  he  is  led  by 
bis  nature,  not  only  to  consider  his  own  actions,  and 
those  of  his  fellow-men,  as  springing  out  of  this  or  that 
eaiQie,  leading  to  this  or  that  material  result ;  but  also 
as  good  or  bad,  as  what  they  ought  or  ought  not  to  be. 
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He  has  Ideas  of  moral  relations  as  well  as  those  Ideas  of 
material  relations  with  which  we  have  hitherto  been 
occupied.     He  is  a  moral  as  well  as  a  natural  agent. 

Contemplating  himself  and  the  world  around  him 
by  the  light  of  his  Moral  Ideas,  man  is  led  to  the  convic- 
tion  that  his  moral  faculties  were  bestowed  upon  him  by 
design  and  for  a  purpose;  that  he  is  the  subject  of  a 
moral  government;  that  the  course  of  the  world  is 
directed  by  the  Power  which  governs  it,  to  the  unfolding 
and  perfecting  of  man's  moral  nature ;  that  this  guid- 
ance may  be  traced  in  the  career  of  individuals  and  of 
the  world ;  that  there  is  a  pramdenttal  as  well  as  a  natural 
course  of  things. 

Yet  this  view  is  beset  by  no  small  difficulties.  The 
full  development  of  man's  moral  faculties; — ^the  perfection 
of  his  nature  up  to  the  measure  of  his  own  ideas ; — ^the 
adaptation  of  his  moral  being  to  an  ultimate  destination, 
by  its  transit  through  a  world  full  of  moral  evil,  in  which 
each  has  his  share ; — are  effects  for  which  the  economy  of 
the  world  appears  to  contain  no  adequate  provision; 
Man,  though  avrare  of  his  moral  nature,  and  ready  to 
believe  in  an  ultimate  destination  of  purity  and  blessed- 
ness, is  too  feeble  to  resist  the  temptation  of  evil,  and  to 
restore  his  purity  when  once  lost.  He  cannot  but  look 
for  some  confirmation  of  that  providential  order  which  he 
has  begun  to  believe;  some  provision  for  those  defi- 
ciencies in  his  moral  condition  which  he  has  begun  to  feel. 

He  looks  at  the  history  of  the  world,  and  he  finds 
that  at  a  certain  period  it  offers  to  him  the  promise  of 
what  he  seeks.  When  the  natural  powers  of  man  had 
been  developed  to  their  full  extent,  and  were  beginning 
to  exhibit  symptoms  of  decay;  when  the  intellectual 
progress  of  the  world  api>eared  to  have  reached  its  limit, 
without  supplying  man's  moral  needs ;  we  find  the  great 
%och  in  tiie  Providential  histoij  of  the  world.     We 


RELATION  OF  TRADITION  TO  PAL-BTIOLOGY.  141 

find  ihe  annonncement  of  a  Dispensation  by  which  man's 
deficiencies  shall  be  supplied  and  his  aspirations  Ad- 
filled :  we  find  a  provision  for  the  purification,  the  support, 
and  the  ultimate  beatification  of  those  who  use  the  pro- 
vided means.  And  thus  the  providential  course  of  the 
world  becomes  consistent  and  intelligible. 

4.  The  Sacred  Narrative. — ^But  with  the  new  Dispen** 
sation,  we  receive,  not  only  an  account  of  its  own  scheme 
and  history,  but  also  a  written  narrative  of  the  providen- 
tial course  of  the  world  from  the  earliest  times,  and  even 
from  its  first  creation.  This  narrative  is  recognized  and 
authorized  by  the  new  dispensation,  and  accredited  by 
some  of  the  same  evidences  as  the  dispensation  itself. 
That  the  existence  of  such  a  sacred  narrative  should  be  a 
part  of  the  providential  <»:der  of  things,  cannot  but  appear 
natural ;  but  naturally  also,  the  study  of  it  leads  to  some 
difficulties. 

The  sacred  narrative  in  some  of  its  earliest  portions 
speaks  of  natural  objects  and  occurrences  respecting 
them.  In  the  very  beginning  of  the  course  of  the  world, 
we  may  readily  believe  (indeed  as  we  have  seen  in  the 
last  chapter,  our  scientific  researches  lead  us  to  believe) 
that  such  occurrences  were  very  different  from  anything 
which  now  takes  place ;— <iifferent  to  an  extent  and  in  a 
manner  which  we  cannot  estimate.  Now  the  narrative 
XQust  speak  of  objects  and  occurrences  in  the  words  and 
phrases  which  have  derived  their  meaning  from  their  ap- 
plication to  the  existing  natural  state  of  things.  When 
applied  to  an  initial  supernatural  state  therefore,  these 
words  and  phrases  cannot  help  being  to  us  obscure  and 
mysterious,  perhaps  ambiguous  and  seemingly  contra- 
dictory. 

,5.  Difficulties  in  tnterpreting  the  Sacred  Narrative. — 
T)ie  mosal  and  providential  relations  of  man's  condition 
aE6  so  much  vme  important  to  him  than  mere  natural 
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relations^  that  at  first  we  may  well  suppose  he  will  accept 
the  Sacred  Narrative^  as  not  only  unquestionable  in  iti 
true  import,  but  also  as  a  guide  in  his  views  even  of  mere 
natural  relations.  He  Will  try  to  modify  the  conceptions 
which  he  entertains  of  objects  and  their  properties,  so 
that  the  Sacred  Narratiye  of  the  supernatural  condition 
shall  retain  the  first  meaning  which  he  had  put  upon  it  in 
yirtue  of  his  own  habits  in  the  usage  of  language. 

But  man  is  so  constituted  that  he  cannot  persist  in 
this  procedure.  The  powers  and  tendencies  of  bis  intel-* 
lect  are  such  that  he  cannot  help  trying  to  attain  true 
oonceptions  of  objects  and  their  propertied  by  the  0tudy 
of  things  themselves.  For  instance,  when  he  at  first 
read  of  a  firmament  dividing  the  waters  above  from  the 
waters  below^  he  perhaps  eonceived  a  transparent  floor  in 
the  skies,  on  which  the  superior  watetv  rested  which 
descend  in  rain ;  but  as  his  observations  and  his  reason-* 
ings  satisfied  him  that  such  a  floor  could  not  exilt,  he 
became  willing  to  allow  (as  St.  Augustine  allowed)  that 
the  waters  above  the  firmament  are  in  a  state  of  vapour^ 
And  in  like  manner  in  other  subjects^  men,  as  their  views 
of  nature  became  more  distinct  and  precise,  modified,  so 
fiur  as  it  was  necessary  for  consistency's  sake,  their  first 
rude  interpretations  of  the  Sacred  Narrative  $  80  that,  with- 
out in  any  degree  losing  ite  import  as  a  view  of  tlt^ 
providential  course  of  the  world,  it  should  be  so  conceived 
as  not  to  contradict  what  they  knew  of  the  natural  order 
of  things* 

But  this  accommodation  was  not  always  made  without 
painful  struggles  and  angiy  controversies.  When  men 
had  conceived  the  occurrences  of  the  Sacred  Narrative  in 
a  particular  manner,  they  could  not  readily  and  willingly 
adopt  a  new  mode  of  conception ;  and  they  resisted  all 
attempts  to  recommend  it  to  them,  as  attacksl  upon  the 
sacredness  of  the  Narrative.     They  had  olothed  their 
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belief  of  the  workings  of  Providence  in  certain  imftgei  | 
and  they  clung  to  those  images  with  the  persuasion  that 
without  them  their  belief  could  not  subsists  Thuii 
they  imagined  to  themselves  that  the  earth  was  a  flat 
floor,  solidly  and  broadly  laid  for  the  convenience  of 
maU)  and  they  felt  as  if  the  kindness  of  Providence  wait 
disparaged,  when  it  was  maintained  that  the  earth  was  A 
globe  held  together  only  by  the  mutual  attraction  of  its 
parts. 

The  most  memorable  instance  of  a  struggle  of  this 
kind  is  to  be  found  in  the  circumstances  which  attended 
the  introduction  of  the  Heliocentric  Theory  of  Copemi>« 
cus  to  general  acceptance.  On  this  controversy  I  hav# 
already  made  some  remarks  in  the  History  of  Science*, 
and  have  attempted  to  draw  from  it  some  lessons  which 
may  be  useful  to  us  when  any  similar  conflict  of  opinions 
may  occur.  I  will  here  add  a  few  reflections  with  a 
similar  view. 

6.  Such  difficulties  inemtabk.-^hi  the  first  place,  I 
remark  that  Such  modifications  of  the  current  interpre* 
tation  of  the  words  of  Scripture  appear  to  be  an  inevitable 
consequence  of  the  progressive  character  of  Natural 
Science.  Science  is  constantly  teaching  us  to  describe 
known  facts  in  new  language,  but  the  language  of  Scrips* 
ture  is  always  the  same.  And  not  only  so,  but  the  lan^ 
guage  of  Scripture  is  necessarily  adapted  to  the  common 
state  of  man's  intellectual  development^  in  which  he  ii 
supposed  not  to  be  possessed  of  science.  Hence  th^ 
phrases  used  by  Scripture  are  precisely  those  which  science 
soon  teaches  man  to  consider  as  inaccurate.  Yet  they 
are  not  on  that  account  the  less  fitted  for  their  proper 
purpose :  for  if  any  terms  had  been  used,  adapted  to  a  more 
advanced  state  of  knowledge,  they  must  have  been  uniti-« 
telligible  among  those  to  whom  the  Scripture  was  first 
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addressed.  If  the  Jews  had  been  told  that  water  existed 
in  the  clouds  in  small  drops,  they  would  have  marvelled 
that  it  did  not  constantly  descend ;  and  to  have  explained 
the  reason  of  this,  would  have  been  to  teach  Atmology  in 
the  sacred  writings.  If  they  had  read  in  their  Scripture 
that  the  earth  was  a  sphere,  when  it  appeared  to  be  a 
plain,  they  would  only  have  been  disturbed  in  their 
thoughts  or  driven  to  some  wild  and  baseless  imagina- 
tions by  a  declaration  to  them  so  strange.  If  the  Divine 
Speaker,  instead  of  saying  that  he  would  set  his  bow  in 
the  clouds,  had  been  made  to  declare  that  he  would 
give  to  water  the  property  of  refracting  different  colours 
at  different  angles,  how  utterly  unmeaning  to  the  hearers 
would  the  words  have  been !  And  in  these  cases,  the 
expressions,  being  unintelligible,  startling,  and  bewilder- 
ing, would  have  been  such  as  tended  to  unfit  the  Sacred 
Narrative  for  its  place  in  the  providential  dispensation  of 
the  world. 

Accordingly,  in  the  great  controversy  which  took 
place  in  Gralileo's  time  between  the  defenders  of  the  then 
customary  interpretations  of  Scripture,  and  the  assertors 
of  the  Copemican  system  of  the  universe,  when  the  inno- 
vators were  upbraided  with  maintaining  opinions  contrary 
to  Scripture,  they  replied  that  Scripture  was  not  intended 
to  teach  men  astronomy,  and  that  it  expressed  the  acts  of 
divine  power  in  images  which  were  suited  to  the  ideas  of 
tmscientific  men.  To  speak  of  the  rising  and  setting  and 
travelling  of  the  sun,  of  the  fixity  and  of  the  foundations 
of  the  earth,  was  to  use  the  only  language  which  would 
have  made  the  Sacred  Narrative  intelligible.  To  extract 
from  these  and  the  like  expressions  doctrines  of  science, 
was,  they  declared,  in  the  highest  degree  unjustifiable;  and 
such  a  course  could  lead,  they  held,  to  no  result  but  a 
weakening  of  the  authority  of  Scripture  in  proportion  as 
its  credit  was  identified  with  that  of  these  modes   of 
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applying  it.  And  tliis  judgment  has  since  been  generally 
assented  to  by  those  who  most  reverence  and  value  the 
study  of  the  designs  of  Providence  as  well  as  that  of  the 
works  of  nature. 

7.  Science  tells  m  nothing  concerning  Creation. — Other 
apparent  difficulties  arise  from  the  accounts  given  in 
the  Scripture  of  the  first  origin  of  the  world  in  which 
we  live:  for  example,  light  is  represented  as  created 
before  the  sun.  With  regard  to  difficulties  of  this  kind, 
it  appears  that  we  may  derive  some  instruction  from  the 
result  to  which  we  were  led  in  the  last  chapter ; — ^namely, 
that  in  the  sciences  which  trace  the  progress  of  natural 
occurrences,  we  can  in  no  case  go  back  to  an  origin,  but 
in  every  instance  appear  to  find  ourselves  separated  firom 
it  by  a  state  of  things,  and  an  order  of  events,  of  a  kind 
altogether  different  from  those  which  come  under  our 
experience.  The  thread  of  induction  respecting  the 
natural  course  of  the  world  snaps  in  our  fingers,  when  we 
try  to  ascertain  where  its  beginning  is.  Since,  then» 
science  can  teach  us  nothing  positive  respecting  the 
beginning  of  things,  she  can  neither  contradict  nor  con- 
firm what  is  taught  by  Scripture  on  that  subject;  and 
thus,  as  it  is  unworthy  timidity  to  fear  contradiction,  so 
is  it  ungrounded  presumption  to  look  for  confirmation  in 
such  cases.  Tlie  providential  history  of  the  world  has  its 
own  beginning,  and  its  own  evidence ;  and  we  can  only 
render  the  system  insecure,  by  making  it  lean  on  our 
material  sciences.  If  any  one  were  to  suggest  that  the 
nebular  hypothesis  countenances  the  Scripture  history  of 
the  formation  of  this  system,  by  showing  how  the  lumi-> 
nous  matter  of  the  sun  might  exist  previous  to  the  sun 
itself,  we  should  act  wisely  in  rejecting  such  an  attempt 
to  weave  together  these  two  heterogeneous  threads; — 
tjic  one  a  part  of  a  providential  scheme,  the  other  a  frag- 
ment of  physical  speculation. 

VOL.  li.  I* 
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We  shall  best  learn  those  lessons  of  the  true  philoso- 
phy of  science  which  it  is  our  object  to  collect,  by  attend- 
ing to  portions  of  science  which  have  gone  through  such 
crises  as  we  are  now  considering ;  nor  is  it  requisite,  for 
this  purpose,  to  bring  forwards  any  subjects  which  are 
still  under  discussion.  It  may,  however,  be  mentioned 
that  such  maxims  as  we  are  now  endeavouring  to  establish, 
and  the  one  before  us  in  particular,  bear  with  a  peculiar 
force  upon  those  Palsetiological  Sciences  of  which  we  have 
been  treating  in  the  present  Book. 

8.  Scientific  viewSy  when  familiar^  do  not  disturb,  the 
autfioriti/  of  Scripture. — ^There  is  another  reflection  which 
may  serve  to  console  and  encourage  us  in  the  painful 
struggles  which  thus  take  place,  between  those  who  main- 
tain interpretations  of  Scripture  already  prevalent  and 
those  who  contend  for  such  new  ones  as  the  new  dis- 
coveries of  science  require.  It  is  this ; — that  though  the 
new  opinion  is  resisted  by  one  party  as  something 
destructive  of  the  credit  of  Scripture  and  the  reverence 
which  is  its  due,  yet,  in  fact,  when  the  new  interpretation 
has  been  generally  established  and  incorporated  with 
men's  current  thoughts,  it  ceases  to  disturb  their  views 
of  the  authority  of  the  Scripture  or  of  the  truth  of  its 
teaching.  When  the  language  of  Scripture,  invested 
with  its  new  meaning,  has  become  ^miliar  to  men,  it  is 
found  that  the  ideas  which  it  calls  up  are  quite  as  recon- 
cileable  as  the  former  ^nes  were  with  the  most  entire 
acceptance  of  the  providential  dispensation.  And  when 
this  has  been  found  to  be  the  case,  all  cultivated  persons 
look  back  with  surprise  at  the  mistake  of  those  who 
thought  that  the  essence  of  the  revelation  was  involved 
in  their  own  arbitrary  version  of  some  collateral  circum- 
stance in  the  revealed  narrative.  At  the  present  day,  we 
can  hardly  conceive  how  reasonable  men  could  ever  have 
imagined  that  religious  reflections  on  the  stability  of  the 
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earth,  and  the  beauty  and  use  of  the  luminaries  Avhich 
revolve  round  it,  would  be  interfered  with  by  an  acknow- 
ledgment that  this  rest  and  motion  are  apparent  only^. 
And  thus  the  authority  of  revelation  is  not  shaken  by 
any  changes  introduced  by  the  progress  of  science  in,  the 
mode  of  interpreting  expressions  which  describe  physical 
objects  and  occurrences ;  provided  the  new  interpretation 
is  admitted  at  a  proper  season,  and  in  a  proper  spirit  \ 
so  as  to  soften,  as  much  as  possible,  both  the  public  con^ 
troversies  and  the  private  scruples  which  almost  inevit^ 
ably  accompany  such  an  alteration. 

9.  JFhen  should  old  Interpretations  be  given  up  f'=—Bnt 
the  question  then  occurs,  What  is  the  proper  season  for 
a  religious  and  enlightened  commentator  to  make  Such 
a  change  in  the  current  interpretation  of  sacred  Scrip- 
ture ?  At  what  period  ought  the  established  exposition 
of  a  passage  to  be  given  up,  and  a  new  mode  of  under^ 
standing  the  passage,  such  as  is,  or  seems  to  be,  required 
by  new  discoveries  respecting  the  laws  of  nature,  accepted 
in  its  place  ?  It  is  plain,  that  to  introduce  such  an  altera 
atioii  lightly  and  hastily  would  be  a  procedure  fraught 
with  inconvenience ;  for  if  the  change  were  made  in  such 
a  manner,  it  might  be  afterwards  discovered  that  it  had 
been  adopted  without  suflBcient  reason,  and  that  it  was 
necessary  to  reinstate  the  old  exposition.  And  th6  minds 
of  the  readers  of  Scripture,  always  to  a  certain  extent 
atid  for  a  time  disturbed  by  the  subversion  of  their  long^^ 
established  notions,  would  be  distressed  without  any 
need,  and  might  be  seriously  unsettled.  While,  on  the 
other  hand,  a  too  protracted  and  obstinate  resistance  td 
the  innovation,  on  the  part  of  the  scriptural  expositors; 
would  tend  to  identify,  at  least  in  the  minds  of  many^ 
the  authority  of  the  Scripture  with  the  truth  of  the  expo* 
Sition;   and  therefore  would  bring  discredit  upon  the 

*  I  ha^e  here  bonowed  a  sentence  or  two  from  my  own  History. 
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revealed  word,  when  tbe  established  iuterpretotion  was 
finally  proved  to  be  untenable. 

A  rule  on  this  subject^  propounded  by  some  of  the  most 
enlightened  dignitaries  of  the  Roman  Catholic  church, 
on  the  occasion  of  the  great  Copernican  controversy 
]i>egun  by  Galileo,  seems  well  worthy  of  our  attention. 
The  following  was  the  opinion  given  by  Cardinal  Bellar- 
tniiie  at  the  time: — *^When  a  demonstration  shall  be 
found  to  establish  the  earth's  motion,  it  will  be  proper  to 
interpret  the  sacred  Scriptures  otherwise  than  they  have 
hitherto  been  interi)reted  in  those  passages  where  men- 
tion is  made  of  the  stability  of  the  earth  and  movement 
of  the  heavens."  This  appears  to  be  a  judicious  and 
reasonable  maxim  for  such  cases  in  general.  So  long  as 
the  supposed  scientific  discovery  is  doubtful,  the  exposi- 
tion of  the  meaning  of  Scripture  given  by  commentators 
of  established  credit  is  not  wantonly  to  be  disturbed: 
but  when  a  scientific  theory,  irreconcileable  with  this 
ancient  interpretation,  is  clearly  proved,  we  must  give  up 
the  interpretation,  and  seek  some  new  mode  of  under- 
standing the  passage  in  question,  by  means  of  which  it 
may  be  consistent  with  what  we  know ;  for  if  it  be  not, 
our  conception  of  the  things  so  described  is  no  longer 
consistent  with  itself. 

It  may  be  said  that  this  rule  is  indefinite,  for  who 
shall  decide  when  a  new  theory  is  completely  demon- 
strated, and  the  old  interpretation  become  untenable? 
But  to  this  we  may  reply,  that  if  the  rule  be  assented  to, 
its  application  will  not  be  very  difiicult.  For  when  men 
have  admitted  as  a  general  rule,  that  the  current  inter- 
pretations of  scriptural  expressions  respecting  natural 
objects  and  events  may  possibly  require,  and  in  some 
cases  certainly  will  require,  to  be  abandoned,  and  new 
ones  admitted,  they  will  hardly  allow  themselves  to  con- 
tend for  such  interpretations  as  if  they  were  essential 
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parts  of  revelation;  and  will  look  upon  the  change  of 
exposition,  whether  it  come  sooner  or  later,  without 
alarm  or  anger.  And  when  men  lend  themselves  to  the 
progress  of  truth  in  this  spirit,  it  is  not  of  any  material 
importance  at  what  period  a  new  and  satisfactory  inter- 
pretation of  the  scriptural  difficulty  is  found;  since  a 
scientific  exactness  in  our  apprehension  of  the  meaning 
of  such  passages  as  are  now  referred  to  is  very  far  from 
being  essential  to  our  full  acceptance  of  revelation. 

10.  In  what  Spirit  sliould  the  Change  be  accepted?-^ 
Still  these  revolutions  in  scriptural  interpretation  must 
always  have  in  them  something  which  distresses  and  dis- 
turbs religious  communities.  And  such  uneasy  feelings 
will  take  a  different  shape,  according  as  the  community 
acknowledges  or  rejects  a  paramount  interpretative 
authority  in  its  religious  leaders.  In  the  case  in  which 
the  interpretation  of  the  Church  is  binding  upon  all  its 
members,  the  more  placid  minds  rest  in  peace  upon  the 
ancient  exposition,  till  the  spiritual  authorities  announce 
that  the  time  for  the  adoption  of  a  new  view  has  arrived ; 
but  in  these  circumstances,  the  more  stirring  and  inqui- 
sitive minds,  which  cannot  refrain  from  the  pursuit  of 
new  truths  and  exact  conceptions,  are  led  to  opinions 
which,  being  contrary  to  those  of  the  Church,  are  held 
to  be  sinful.  On  the  other  hand,  if  the  religious  constitu- 
tion of  the  community  allow  and  encourage  each  man  to 
study  and  interpret  for  himself  the  Sacred  Writings,  we 
are  met  by  evils  of  another  kind.  In  this  case,  although, 
by  the  unforced  influence  of  admired  commentators,  there 
may  prevail  a  general  agreement  in  the  usual  interpreta- 
tion of  difficult  passages,  yet  as  each  reader  of  the  Scrip- 
ture looks  upon  the  sense  which  be  has  adopted  as  being 
his  own  interpretation,  he  maintains  it,  not  with  the 
tranquil  acquiescence  of  one  who  has  deposited  his  judg^ 
ment  in  the  hands  of  bis  Church,  but  with  the  keenneep 
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and  strenuousness  of  self-love.  In  such  a  state  of  things, 
though  no  judicial  severities  can  be  employed  against  the 
imiovatorp,  there  may  arise  more  angry  controversies  than 
in  the  other  case. 

It;  is  impossible  to  overlook  the  lesson  which  here 
pffers  itself,  that  it  is  in  the  highest  degree  unwise  in 
the  friends  of  religion,  whether  individuals  or  oommu- 
pities,  unnecessarily  to  embark  their  credit  in  expositions 
of  Scripture  on  matters  which  appertain  to  natural 
science.  By  delivering  physical  doctrines  as  the  teaching 
9f  revelation,  religion  may  lose  much,  but  cannot  gain 
anything.  This  maxim  of  practical  wisdom  has  often 
been  urged  by  Christian  writers.  Thus  St.  Augustin 
says*:  <*  In  obscure  matters  and  things  far  removed  from 
piir  senses,  if  we  read  anything,  even  in  the  divine 
Scripture,  which  may  produce  diverse  opinions  without 
damaging  >  the  iaith  which  we  cherish,  let  us  not  rush 
hei^dlong  by  positive  assertion  to  either  the  one  opinion 
or  the  other ;  lest,  when  a  more  thorough  discussion  has 
diown  the  opinion  which  we  had  adopted  to  be  false,  our 
fiath  may  fall  with  it:  and  we  should  be  found  con« 
tending,  not  for  the  doctrine  of  the  sacred  Scriptures^  but 
for  our  own ;  endeavouring  to  make  our  doctrine  to  be 
that  of  the  Scriptures,  instead  of  taking  the  doctrine  of 
the  Scriptures  to  be  ours."  And  in  nearly  the  same 
spirit,  at  the  time  of  the  Copemican  controversy,  it  wa9 
thought  proper  to  append  to  the  work  of  Copernicus  a 
postil,  to  say  that  the  work  was  written  to  account  for 
the  phenomena,  and  that  people  must  not  run  on  blindly 
and  condemn  either  of  the  opposite  opinions.  Even  when 
the  Inquisition,  in  1616,  thought  itself  compelled  to 
pronounce  a  decision  upon  this  subject,  the  verdict  wa^. 
delivered  in  very  moderate  language ; — that ''  the  doctrine. 
Qf  the  garth's  motion  appeared  to  be  contrary  to  Scrip* 

*  LiU  i.  ife  OmHiywp.  18. 
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ture  f"  and  yet^  moderate  as  this  expression  is,  it  has  been 
blamed  hj  judicious  members  of  the  Roman  church  as 
deciding  a  point  such  as  religious  authorities  ought  not 
to  pretend  to  decide ;  and  has  brought  upon  that  church 
no  ordinary  weight  of  general  condemnation.  Kepler 
pointed  out,  in  his  lively  manner,  the  imprudence  of 
employing  the  force  of  religious  authorities  on  such  sub- 
jects :  Acies  dolabrce  in  ferrum  illisay  postea  nee  in  lignum 
valet  amplitts.  CapuU  hoc  cujus  interest  *'  If  you  wiU  try 
tp  chop  iron,  the  axe  becomes  unable  to  cut  even  wood." 
W.  In  what  Spirit^  should  the  Change  be  urged? — ^But 
while  we  thus  endeavour  to  show  in  what  manner  the 
interpreters  of  Scripture  may  most  safely  and  most  pro* 
perly  accept  the  discoveries  of  science,  we  must  not 
forget  that  there  may  be  errors  committed  on  the  other 
side  also ;  and  that  men  of  science,  in  bringing  forward 
views  which  may  for  a  time  disturb  the  minds  of  lovers 
of  Scripture,  should  consider  themselves  as  bound  by 
strict  rules  of  candour,  moderation,  and  prudence.  In- 
tentionally to  make  their  supposed  discoveries  a  means 
of  discrediting,  contradicting,  or  slighting  the  sacred 
Scriptures,  or  the  authority  of  religion,  is  in  them  unpar^ 
donable.  As  men  who  make  the  science  of  Truth  the 
business  of  their  lives,  and  are  persuaded  of  her  genuine 
superiority,  and  certain  of  her  ultimate  triumph,  they  are 
peculiarly  bound  to  urge  her  claims  in  a  calm  and  tem- 
perate spirit ;  not  forgetting  that  there  are  other  kinds 
of  truth  besides  that  which  they  peculiarly  study.  They 
may  properly  reject  authority  in  matters  of  science ;  but 
they  are  to  leave  it  its  proper  office  in  matters  of  religion. 
I  may  here  again  quote  Kepler's  expressions :  '*  In  Theo- 
logy we  balance  authorities,  in  Philosophy  we  weigh 
reasons.  A  holy  man  was  Lactantius  who  denied  that 
the  earth  was  round ;  a  holy  man  was  Augustin,  who 
granted  the  rotundity,  but  denied  the  antipodes ;  a  holy 
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thing  to  me  is  the  Inquisition,  which  allows  the  smalluess 
of  the  earth,  but  denies  its  motion ;  but  more  holy  to  me 
is  Truth ;  and  hence  I  prove,  from  philosophy,  that  the 
earth  is  round,  and  inhabited  on  every  side,  of  small  size» 
and  in  motion  among  the  stars, — ^and  this  I  do  with  no 
disrespect  to  the  Doctors."  I  the  more  willingly  quote  such 
a  passage  from  Kepler,  because  the  entire  ingenuousness 
and  sincere  piety  of  his  character  does  not  allow  us  to 
suspect  in  him  anything  of  hypocrisy  or  latent  irony. 
That  similar  professions  of  respect  may  be  made  ironic 
cally,  we  have  a  noted  example  in  the  celebrated  Intro- 
duction to  GalUeo^s  Dialogue  on  the  Copeimican  System ; 
probably  the  part  which  was  most  offensive  to  the  autho- 
rities. "  Some  years  ago,**  he  begins,  "  a  wholesome  edict 
was  promulgated  at  Rome,  which,  in  order  to  check  the 
perilous  scandals  of  the  present  age,  imposed  silence  upon 
the  Pythagorean  opinion  of  the  mobility  of  the  earth. 
There  were  not  wanting,'*  he  proceeds,  "persons  who 
rashly  asserted  that  this  decree  was  the  result,  not  of  a 
judicious  inquiry,  but  of  passion  ill-informed ;  and  com- 
plaints were  heard  that  counsellors,  utterly  unacquainted 
with  astronomical  observation,  ought  not  to  be  allowed, 
with  their  sudden  prohibitions,  to  clip  the  wings  of  spe- 
culative intellects.  At  the  hearing  of  rash  lamentations 
like  thesey  my  zeal  could  not  keep  silence.'^  And  he  then 
goes  on  to  say,  that  he  wishes,  in  his  Dialogue^  to  show 
that  the  subject  had  been  fully  examined  at  Rome. 
Here  the  irony  is  quite  transparent,  and  the  sarcasm 
glaringly  obvious.  I  think  we  may  venture  to  say  that 
this  is  not  the  temper  in  which  scientific  questions  should 
be  treated ;  although  by  some,  perhaps,  the  prohibition  of 
public  discussion  may  be  considered  as  justifying  any 
evasion  which  is  likely  to  pass  unpunished. 

12.  Duty  of  Mutual  Forbearance. — We  may  add,  as  a 
further  reason  for  mutual  forbearance  in  such  cases,  that 
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the  true  interests  of  both  parties  are  the  same.  The  man 
of  science  is  concerned,  no  less  than  any  other  person,  in 
the  truth  and  import  of  the  divine  dispensation ;  the  reli-^ 
gious  man,  no  less  than  the  man  of  science,  is,  by  the 
nature  of  his  intellect,  incapable  of  believing  two  contra- 
dictory declarations.  Hence  they  have  both  alike  a  need 
for  understanding,  the  Scripture  in  some  way  in  which  it 
shall  be  consistent  with  their  understanding  of  nature. 
It  is  for  their  common  advantage  to  conciliate,  as  Kepler 
says,  the  finger  and  the  tongue  of  God,  his  works  and 
his  word.  And  they  may  find  abundant  reason  to  bear 
with  each  other,  even  if  they  should  adopt  for  this  pur- 
pose different  interpretations,  each  finding  one  satisfactory 
to  himself;  or  if  any  one  should  decline  employing  his 
thoughts  on  such  subjects  at  all.  I  have  elsewhere* 
quoted  a  passage  from  Kepler  f  which  appears  to  me 
written  in  a  most  suitable  spirit :  "  I  beseech  my  reader 
that,  not  unmindful  of  the  Divine  goodness  bestowed  upon 
man,  he  do  with  me  praise  and  celebrate  the  wisdom  of 
the  Creator,  which  I  open  to  him  from  a  more  inv^ard 
explication  of  the  form  of  the  world,  from  a  searching  of 
causes,  from  a  detection  of  the  errors  of  vision ;  and  that 
thus  not  only  in  the  firmness  and  stability  of  the  earth  may 
we  perceive  with  gratitude  the  preservation  of  all  living 
things  in  nature  as  the  gift  of  God :  but  also  that  in  its 
motion,  so  recondite,  so  admirable,  we  may  acknowledge 
the  wisdom  of  the  Creator.  But  whoever  is  too  dull  to 
receive  this  science,  or  too  weak  to  believe  the  Coper- 
nican  system  without  harm  to  his  piety,  him,  I  say,  I 
advise  that,  leaving  the  school  of  astronomy,  and  con- 
domning,  if  so  he  please^  any  doctrines  of  the  philosophers, 
he  follow  his  own  path,  and  desist  from  this  wandering 
through  the  universe;  and  that,  lifting  up  his  natural 
eyes  with  whidi  alone  he  can  see,  he  pour  himself  out 

*  BridgewQHr  Tr,^  b.  314.  t  dm.  Stell.  Mart.^  Introd. 


154  PHILOSOPHY  OF  PAXJETIOIiOaY. 

from  his  own  heart  in  worship  of  God  the  Creator,  being 
certain  that  he  gives  no  less  worship  to  God  than  the 
astronomer,  to  whom  God  has  given  to  see  more  clearly 
with  his  inward  eyes,  and  who,  from  what  he  has  himself 
discovered,  both  can  and  will  glorify  God." 

13.  Case  of  Galileo. — ^I  may  perhaps  venture  here  to 
make  a  remark  or  two  upon  this  subject  with  reference 
to  a  charge  brought  against  a  certain  portion  of  the  His^ 
tory  ofihe  Inductive  Sciences.  Complaint  has  been  made* 
that  the  character  of  the  Roman  church,  as  shown  in  its 
behaviour  towards  Galileo,  is  misrepresented  in  the  ac- 
count given  of  it  in  the  History  of  Astronomy.  It  is 
asserted  that  Galileo  provoked  the  condemnation  he 
incurred;  first,  by  pertinaciously  demanding  the  assent 
of  the  ecclesiastical  authorities  to  his  opinion  of  the  con- 
sistency of  the  Copemican  doctrine  with  Scripture ;  and 
afterwards  by  contumaciously,  and,  as  we  have  seen,  con- 
tumeliously  violating  the  silence  which  the  Church  had 
enjoined  upon  him.  It  is  further  declared  that  the 
statement  which  represents  it  as  the  habit  of  the  Roman 
church  to  dogmatize  on  points  of  natural  science  is  un- 
founded ;  as  well  as  the  opinion  that  in  consequence  of 
this  habit,  new  scientific  truths  were  promulgated  less 
boldly  in  Italy  than  in  other  countries.  I  shall  reply  very 
briefly  on  these  subjects ;  for  the  decision  of  them  is  by 
BO  means  requisite  in  order  to  establish  the  doctrines  to 
which  I  have  been  led  in  the  present  chapter,  nor,  I  hope, 
to  satisfy  my  reader  that  my  views  have  been  collected 
from  an  impartial  consideration  of  scientific  history. 

With  regard  to  Galileo,  I  do  not  think  it  can  be 
denied  that  he  obtruded  his  opinions  upon  the  ecclesias- 
tical authorities  in  an  unnecessary  and  imprudent  manner. 
He  was  of  an  ardent  character,  strongly  convinced  him- 
0(rif»  and  urged  on  still  more  by  the  conviction  which  he 

♦  Dublin  R€9i4w,  No.  ix.,  July,  1836,  p.  72. 
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produced  among  his  disciples,  and  thus  he  became  impa- 
tient for  the  triumph  of  truth.  This  judgment  of  him  has 
recently  been  delivered  by  various  independent  autho- 
rities, and  has  undoubtedly  considerable  foundation  ^.  As 
to  the  question  whether  authority  in  matters  of  natural 
science  were  habitually  claimed  by  the  authorities  of  the 
Church  of  Rome,  I  have  to  allow  that  I  cannot  produce 
instances  which  establish  such  a  habit.  We  who  have 
been  accustomed  to  have  daily  before  our  eyes  the  Moni* 
tion  which  the  Romish  editors  of  Newton  thought  it 
necessary  to  prefix — Ccsterum  latis  a  summo  Pontifice  con^ 
hn  teUuris  motum  Decretist  nos  obsequi  profitemur — ^were 
not  likely  to  conjecture  that  this  was  a  solitary  instance 
of  the  interposition  of  the  Papal  authority  on  such  8ul>* 
jects.  But  although  it  would  be  easy  to  find  declarations 
of  heresy  delivered  by  Romish  Universities,  and  writers 
of  great  authority,  against  tenets  belonging  to  the  natural 
sciences,  I  am  not  aware  that  any  other  case  can  be 
adduced  in  which  the  Church  or  the  Pope  can  be  showu 
to  have  pronounced  such  a  sentence.  I  am  well  con-* 
tented  to  acknowledge  this ;  for  I  should  be  far  more 
gratified  by  finding  myself  compelled  to  hold  up  the 
seventeenth  century  as  a  model  for  the  nineteenth  in  thiigf 
respect^  than  by  having  to  sow  enmity  between  the 
admirers  of  the  past  and  the  present  through  any  dispa* 
raging  contrast  f. 

*  Besides  tho  Dublin  Retiew,  I  may  quote  the  Edinburgh  Review^ 
which  I  suppose  will  not  be  thought  likely  to  have  a  bias  in  favour  of 
the  exeicise  of  ecclesiastical  authority  in  matters  of  science ;  though 
certainly  there  is  a  puerility  in  the  critic's  phraseology  which  does  not 
add  to  the  weight  of  his  judgment.  **  Galileo  contrived  to  surround 
the  trvith  with  every  variety  of  obstruction.  The  tide  of  knowledge^ 
which  bad  hitherto  advanced  in  peace,  he  crested  with  angiy  breakers, 
and  ho  involved  in  its  surf  both  his  friends  and  his  foes." — Ed,  Eev,t 
No.  cxxiii.  p.  126. 

t  X  may  add  that  the  most  candid  of  the  adherents  of  the  Chnreh 
of  lloine  con4Qau9i  tk^  iissumptioa  of  authority  in  misters  of  sciencei 
made,  in  this  one  instance  at  least,  by  the  ecclesiastic  tiibunals.    Th^ 
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With  respect  to  the  attempt  made  in  my  History  to 
cbaracterize  the  intellectual  habits  of  Italy  as  produced  by 
her  religious  condition, — certainly  it  would  ill  become  any 
student  of  the  history  of  science  to  speak  slightingly  of 
that  country,  always  the  mother  of  sciences,  always  ready 
to  catch  the  dawn  and  hail  the  rising  of  any  new  light  of 
knowledge.     But  I  think  our  admiration  of  this  activity 
and  acuteness  of  mind  is  by  no  means  inconsistent  with 
the   opinion,  that  new  truths  were  promulgated  more 
boldly  beyond  the  Alps,  and  that  the  subtilty  of  the 
Italian  intellect  loved  to  insinuate  what  the  rough  Ger- 
man bluntly  asserted.    Of  the  decent  duplicity  with  which 
forbidden  opinions  were  handled,  the  reviewer  himself 
gives  us  instances,  when  he  boasts  of  the  liberality  with 
which  Copemican  professors  were  placed  in  important 
stations  by  the  ecclesiastical  authorities,  soon  after  the 
doctrine  of  the  motion  of  the  earth  had  been  declared  by 
the  same  authorities  contrary  to  Scripture.     And  in  the 
same  spirit  is  the  process  of  demanding  from  Galileo  a 
public  and  official  recantation  of  opinions  which  he  had 
repeatedly  been  told  by  his  ecclesiastical  superiors  he 
might  hold  as  much  as  he  pleased.     I  think  it  is  easy  to 
believe  that  among  persons  so  little  careful  to  reconcile 
public  profession  with  private  conviction,  official  decorum 
was  all  that  was  demanded.    When  Galileo  had  made  his 
renunciation  of  the  earth's  motion  on  his  knees,  he  rose 
and  said,  as  we  are  told,  E  pur  si  muove — *^  and  yet  it  does 
move."    This  is  sometimes  represented  as  the  heroic  soli- 
loquy of  a  mind  cherishing  its  conviction  of  the  tnith,  in 
spite  of  persecution ;  I  think  we  may  more  naturally  con- 
ceive it  uttered  as  a  playful  epigram  in  the  ear  of  a  car- 
dinal's secretary,  with  a  full  knowledge  that  it  would  be 
immediately  repeated  to  his  master. 

author  of  the  A*;e9  of  Faith  (Book  viii.  p.  248),  says,  ^^  A  Congrega- 
tion, it  is  to  be  bmented,  declared  the  new  system  to  be  opposed  to 
Scripture,  and  therefore  hercticaL" 
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Besides  the  Ideas  involved  in  the  material  sciences, 
of  which  vee  have  already  examined  the  principal  ones, 
there  is  one  Idea  or  Conception  which  our  Sciences  do 
not  indeed  include,  but  to  which  they  not  obscurely  point; 
and  the  importance  of  this  Idea  will  make  it  proper  to 
spealc  of  it,  though  this  must  be  done  very  briefly. 


Chapter  V. 
OF  THE  CONCEPTION  OF  A  FIRST  CAUSE. 

1.  At  the  end  of  the  last  chapter  but  one,  we  were  led 
to  this  result, — that  we  cannot,  in  any  of  the  Palsetiolo- 
gical  Sciences,  ascend  to  a  beginning  which  is  of  the  same 
nature  as  the  existing  cause  of  events,  and  which  depends 
upon  causes  that  are  still  in  operation.  Philosophers 
never  have  demonstrated,  and  probably  never  will  be  able 
to  demonstrate,  what  was  the  original  condition  of  the 
solar  system,  of  the  earth,  of  the  vegetable  and  animal 
worlds,  of  languages,  of  arts.  On  all  these  subjects  the 
course  of  investigation,  followed  backwards  as  far  as  our 
materials  allow  us  to  pursue  it,  ends  at  last  in  an  impe- 
netrable gloom.  We  strain  our  eyes  in  vain  when  we 
try,  by  our  natural  faculties,  to  discern  an  Origin. 

2.  Yet  speculative  men  have  been  constantly  employed 
in  attempts  to  arrive  at  that  which  thus  seems  to  be 
placed  out  of  their  reach.  The  Origin  of  Languages,  the 
Origin  of  the  present  Distribution  of  Plants  and  Animals, 
the  Origin  of  the  Earth,  have  been  common  subjects  of 
diligent  and  persevering  inquiry.  Indeed  inquiries  re- 
specting such  subjects  have  been,  at  least  till  lately,  the 
usual  form  which  Pala^tiotogical  researches  have  assumed. 
Cosmogony^  the  origin  of  the  world,  of  which,  in  such 
speculations,  the  earth  was  considered  as  a  principal  part^ 
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has  been  a  fiivourite  study  both  of  ancient  and  of  modem 
times :  and  most  of  the  attempts  at  Geology  previous  to 
the  present  period  have  been  Cosmogonies  or  Geogonies^ 
rather  than  that  more  genuine  science  which  we  have 
endeavoured  to  delineate.  Glossology,  though  now  an- 
extensive  body  of  solid  knowledge,  was  mainly  brought 
into  being  by  inquiries  concerning  the  original  language 
spoken  by  men ;  and  the  nature  of  the  first  separation 
and  diffusion  of  languages,  the  first  peopling  of  the  earth 
by  man  and  by  animals,  were  long  sought  after  with  ardent 
curiosity,  although  of  course  with  reference  to  the  autho- 
rity of  the  Scriptures,  as  well  as  the  evidence  of  natural 
phenomena.  Indeed  the  interest  of  such  inquiries  even 
yet  is  far  from  being  extinguished.  The  disposition  to  ex- 
plore the  past  in  the  hope  of  finding,  by  the  light  of  natural 
reasoning  as  well  as  by  the  aid  of  revelation,  the  origin 
of  the  present  course  of  things,  appears  to  be  unconquer- 
able. What  was  the  beginning?  is  a  question  which  the 
human  race  cannot  desist  from  perpetually  asking.  And 
no  failure  in  obtaining  a  satisfactory  answer  can  prevent 
inquisitive  spirits  from  again  and  again  repeating  the 
inquiry,  although  the  blank  abyss  into  which  it  is  uttered 
does  not  even  return  an  echo. 

3.  What,  then,  is  the  reason  of  an  attempt  so  perti- 
nacious yet  so  fruitless?  By  what  motive  are  we  im- 
pelled thus  constantly  to  seek  what  we  can  never  find  ? 
Why  are  the  error  of  our  conjectures,  the  futility  of  our 
reasonings,  the  precariousness^of  our  interpretations,  over 
and  over  again  proved  to  us  in  vain?  Why  is  it  impos- 
sible for  us  to  acquiesce  in  our  ignorance  and  to  relinquish 
the  inquiry?  Why  cannot  we  content  ourselves  with 
examining  those  links  of  the  chain  of  causes  which  are 
nearest  to  us; — those  in  which  the  connexion  is  intelligible 
and  clear;  instead  of  fixing  our  attention  upon  those 
remote  portions  where  we  can  no  longer  estimate  its  co- 
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herence  ?  In  short,  why  did  not  men  from  the  first  take 
for  the  subject  of  their  speculations  the  Course  of  Natures 
rather  than  the  Origin  of  Things  ? 

To  this  we  reply,  that  in  doing  what  they  have  thus 
done,  in  seeking  what  they  have  sought,  men  are  impelled 
by  an  intellectual  necessity.  They  cannot  conceive  ft 
series  of  connected  occurrences  without  a  commence^ 
ment ;  they  cannot  help  supposing  a  cause  for  the  whole,- 
as  well  as  a  cause  for  each  part ;  they  cannot  be  satisfied 
with  a  succession  of  causes  without  assuming  a  First 
Cause.  Such  an  assumption  is  necessarily  impressed 
upon  our  minds  by  our  contemplation  of  a  series  of  causes 
and  effects ;  that  there  must  be  a  First  Cause^  is  accepted 
by  all  intelligent  reasoners  as  an  Axiom :  and  like  other 
Axioms,  its  truth  is  necessarily  implied  in  the  Idea  which 
it  involves. 

4.  The  evidence  of  this  axiom  may  be  illustrated  in 
several  ways.  In  the  first  place,  the  axiom  is  assumed 
in  the  argument  usually  offered  to  prove  the  existence  of 
the  Deity.  Since,  it  is  said,  the  world  now  exists,  and 
since  nothing  cannot  produce  something,  something  must 
have  existed  from  eternity.  This  Something  is  the  First 
Cause :  it  is  God. 

Now  what  I  have  to  remark  here  is  this :  the  con- 
clusiveness of  this  argument,  as  a  proof  of  the  existence 
of  one  independent,  immutable  Deity,  depends  entirely 
upon  the  assumption  of  the  axiom  above  stated.  The 
world,  a  series  of  causes  and  effects,  exists :  therefore 
there  must  be,  not  only  this  series  of  causes  and  effects, 
but  also  a  First  Cause.  It  will  be  easily  seen,  that  with- 
out the  axiom,  that  in  every  series  of  causes  and  effects 
there  must  be  a  First  Cause,  the  reasoning  is  altogether 
inconclusive. 

5.  Or  to  put  the  matter  otherwise:  The  argument 
for  the  existence  of  the  Deity  was  stated  thus :  Something 
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exists,  therefore  something  must  have  existed  from  eter- 
nity. Granted,  the  opponent  might  say ;  but  this  some" 
thtnff  which  has  existed  from  eternity,  why  may  it  not  be 
this  very  series  of  causes  and  effects  which  is  now  going 
on,  and  which  appears  to  contain  in  itself  no  indication 
of  beginning  or  end  ?  And  thus,  without  the  assumption 
of  tlie  necessity  of  a  First  Cause,  the  force  of  the  argu- 
ment may  be  resisted. 

6.  But,  it  may  be  asked,  liow  do  those  who  have 
written  to  prove  the  existence  of  the  Deity  reply  to 
such  an  objection  as  the  one  just  stated  ?  It  is  natural 
to  suppose  tliat,  on  a  subject  so  interesting  and  so  long 
discussed,  all  the  obvious  arguments,  with  their  replies, 
have  been  fully  brought  into  view.  What  is  the  result 
in  this  case  ? 

The  principal  modes  of  replying  to  the  above  objec- 
tion, that  the  series  of  causes  and  effects  which  now 
exists,  may  have  existed  from  eternity,  appear  to  be  these. 

In  the  first  place,  our  minds  cannot  be  satisfied  with 
a  series  of  successive,  dependent,  causes  and  effects, 
without  something  first  and  independent.  We  pass  from 
effect  to  cause,  and  from  that  to  a  higher  cause,  in  search 
of  [something  on  which  the  mind  can  rest ;  but  if  we  can 
do  nothing  but  repeat  this  process,  there  is  no  use  in  it. 
We  move  our  limbs,  but  make  no  advance.  Our  ques- 
tion is  not  answered,  but  evaded.  The  mind  cannot 
acquiesce  in  the  destiny  thus  presented  to  it,  of  being 
referred  from  event  to  event,  from  object  to  object,  along 
an  interminable  vista  of  causation  and  time.  Now  this 
mode  of  stating  the  reply, — ^to  say  that  the  mind  cannot 
thus  be  satujied^  appears  to  be  equivalent  to  saying  that 
the  mind  is  conscious  of  a  principle  in  virtue  of  which 
such  a  view  as  this  must  be  rejected ; — the  mind  takes 
refuge  in  the  assumption  of  a  First  Cause,  from  an 
employment  inconsistent  with  its  own  nature. 
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7.  Or  again,  we  may  avoid  the  objection,  by  putting 
the  argument  for  the  existence  of  a  Deity  in  this  form : 
The  series  of  causes  and  effects  which  we  call  the  worlds 
or  the  course  of  nature^  may  be  considered  as  a  whole^ 
and  this  whole  must  have  a  cause  of  its  existence.  The 
whole  collection  of  objects  and  events  may  be  compre- 
hended as  a  single  effect,  and  of  this  effect  there  must  be 
a  cause.  This  Cause  of  the  Universe  must  be  superior 
to,  and  independent  of  the  special  events,  which,  happen- 
ing in  time,  make  up  the  universe  of  which  He  is  the 
cause.  He  must  exist  and  exercise  causation,  before 
these  events  can  begin :  He  must  be  the  First  Cause. 

Although  the  argument  is  here  somewhat  modified 
in  form,  the  substance  is  the  same  as  before.  For  the 
assumption  that  we  may  consider  the  whole  series  of 
causes  and  effects  as  a  single  effect^  is  equivalent  to  the 
assumption  that  besides  partial-  causes,  we  must  have  a 
First  Cause.  And  thus  the  Idea  of  a  First  Cause,  and 
the  axiom  which  asserts  its  necessity,  are  recognized  in 
the  usual  argumentation  on  this  subject. 

8.  This  Idea  of  a  First  Cause,  and  the  principle 
involved  in  the  Idea,  have  been  the  subject  of  discussion 
in  another  manner.  As  we  have  already  said,  we  assume 
as  an  axiom  that  a^First  Cause  must  exist ;  and  we  assert 
that  God,  the  First  Cause,  exists  eternal  and  immutable^ 
by  the  necessity  which  the  axiom  implies.  Hence  Grod 
is  said  to  exist  necessarily ;— -to  be  a  necessarily  existing 
being.  And  when  this  necessary  eadstence  of  God  had 
been  spoken  of,  it  soon  began  to  be  contemplated  as  a 
sufficient  reason,  and  as  an  absolute  demonstration  of  His 
existence ;  without  any  need  of  referring  to  the  world  as 
an  effect,  in  order  to  arrive  at  God  as  the  cause.  And 
thus  men  conceived  that  they  had  obtained  a  proof  of 
the  existence  of  the  Deity,  a  prmi,  from  ideas,  as  well 
as  d  poste^iorif  from  effects. 

VOL.  II.  M 
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9.  Thus,  Thomas  Aquinas  employs  this  reasoning  to 
provd  the  eternity  of  God*.  "Oportet  ponere  aliquod 
primum  necessarium  quod  est  per  se  ipsum  necessarium ; 
et  hoc  est  Deus,  cum  sit  prima  causa  ut  dictum  est :  igitur 
Deus  setemus  est,  cum  omne  necessarium  per  se  sit  set^c^ 
num."  It  is  true  that  the  schoolmen  never  professed  to 
be  able  to  prove  the  eanstence  of  the  Deity  a  priori :  but 
they  made  use  of  this  conception  of  necessary  existence 
in  a  manner  which  approached  very  near  to  such  aa 
attempt.  ThusSuarezf  discusses  the  question,  ^^Utrum 
aliquo  mode  possit  a  priori  demonstrari  Deum  esse." 
And  resolves  the  question  in  this  manner:  *^Ad  hunc 
ergo  modum  dicendum  est:  Demonstrate  a  posteriori 
Deum  esse  ens  necessarium  et  a  se,  ex  hoc  attribute 
posse  d  priori  demonstrari  prseter  illud  non  posse  esse 
aliud  ens  necessarium  et  a  se,  et  consequenter  demon* 
strari  Deum  esse." 

But  in  modem  times  attempts  were  made  by  Des- 
cartes and  Samuel  Clarke,  to  prove  the  Divine  exist-^ 
ence  at  once  a  prioriy  from  the  conception  of  necessary 
existence ;  which,  it  was  argued,  could  not  subsist  with- 
out actual  existence.  This  argumentation  was  acutely 
and  severely  criticized  by  Dr.  Waterland. 

10.  Without  dwelling  upon  a  subject,  the  discussion  of 
wliicb  does  not  enter  into  the  design  of  the  present  work, 
I  may  remark  that  the  question  whether  an  a  priori  proof 
of  the  existence  of  a  First  Cause  be  possible,  is  a  ques- 
tion concerning  the  nature  of  our  Ideas,  and  the  evidence 
of  the  axioms  which  they  involve,  of  the  same  kind  at 
many  questions  which  we  have  already  had  to  discuss. 
Is  our  Conception  or  Idea  of  a  First  Cause  gathered  from 
the  effects  we  see  around  us  ?  It  is  plain  that  we  must 
answer,  here  as   in  other  cases,  that  the  Idea  is  not 

♦  AQUnf.  Oontr.  GentU.  lib.  i.  c.  14,  p.  21. 
t  Metaphyi.^  torn.  ii.  diap.  29,  sect.  3,  p.  28. 
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extracted  from  the  phenomena,  but  assumed  in  order  that 
the  phenomena  may  become  intelligible  to  the  mind  ;-^ 
that  the  Idea  is  a  necessary  one,  inasmuch  as  it  does  not 
depend  upon  observation  for  its  evidence;  but  that  it 
depends  upon  observation  for  its  development,  since  with«» 
out  some  observation,  we  cannot  conceive  the  mind  to  be 
cognisant  of  the  relation  of  causation  at  alL  In  this 
respect,  however,  the  Idea  of  a  First  Cause  is  no  less 
iiecessary  than  the  ideas  of  Space,  or  Time,  or  Cause  in 
general.  And  whether  we  call  the  reasoning  derived 
from  such  a  necessity  an  argument  h  priori  or  dposteriorU 
in  either  case  it  possesses  the  genuine  character  of  demon^^ 
stration,  being  founded  upon  axioms  which  command 
universal  assent. 

11.  I  have,  however,  spoken  of  our  Conception  rather 
than  of  our  Idea  of  a  First  Cause ;  for  the  notion  of  a 
First  Cause  appears  to  be  rather  a  modification  of  the 
Fundamental  Idea  of  Cause,  which  was  formerly  discussed^ 
than  a  separate  and  peculiar  Idea.  And  the  Axiom,  that 
there  mmt  be  a  First  Cause,  is  recognised  by  most  persona 
as  an  application  of  the  general  Axiom  of  Causation,  thai 
eeery  effect  mtist  have  a  cause;  this  latter  Axiom  being 
applied  to  the  world,  considered  in  its  totality,  as  a  single 
eflSsct*  This  distinction,  however,  between  an  Idea  and 
a  Conception,  is  of  no  material  consequence  to  otir  argu-* 
ment;  provided  we  allow  the  maxim,  that  there  must 
be  a  First  Cause,  to  be  necessarily  and  evidently  true ; 
whether  it  be  thought  better  to  speak  of  it  as  an  inde«< 
pendent  Axiom,  or  to  consider  it  as  derived  from  the 
general  A  xiom  of  Causation. 

12.  Thus  we  necessarily  infer  a  First  Cause,  although 
the  Palaetiological  Sciences  only  point  towards  it,  and  do 
not  lead  us  to  it.  But  I  must  observe  further ;  that  in 
each  of  the  series  of  events  which  form  the  subject  of 
Pabetiologioal  research,  the  First  Cause  is  the  same* 

U  2 
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Without  here  resting  upon  reasoning  founded  upon  our 
Conception  of  a  First  Cause,  I  may  remark  that  this 
identity  is  proved  by  the  close  connexion  of  all  the 
branches  of  natural  science,  and  the  way  in  which  the 
causes  and  the  events  of  each  are  interwoven  vnth  those 
which  belong  to  the  others.  We  must  needs  believe 
that  the  First  Cause  which  produced  the  earth  and  its 
atmosphere  is  also  the  Cause  of  the  plants  which  clothe 
its  surface ;  that  the  First  Cause  of  the  vegetable  and  of 
the  animal  world  are  the  same;  that  the  First  Cause 
which  produced  light  produced  also  eyes ;  that  the  First 
Cause  which  produced  air  and  organs  of  articulation  pro- 
duced also  language  and  the  feculties  by  which  language 
is  rendered  possible :  and  if  those  faculties,  then  also  all 
man's  other  faculties ; — ^the  powers  by  which,  as  we  have 
said,  he  discerns  right  and  wrong,  and  recognizes  a  pro- 
vidential as  well  as  a  natural  course  of  things.  Nor  can 
we  think  otherwise  than  that  the  Being  who  gave  these 
Acuities,  bestowed  them  for  some  purpose; — ^bestowed 
them  for  that  purpose  which  alone  is  compatible  with 
their  nature : — the  purpose,  namely,  of  guiding  and  ele- 
vating man  in  his  present  career,  and  of  preparing  him 
for  another  state  of  being  to  which  they  irresistibly  direct 
his  hopes.  And  thus,  although,  as  we  have  said,  no  one 
of  the  Palffitiological  Sciences  can  be  traced  continuously 
to  an  origin,  yet  they  not  only  each  point  to  an  origin, 
but  all  to  the  same  origin.  Their  lines  are  broken  indeed, 
as  they  run  backwards  into  the  early  periods  of  the  world, 
but  yet  they  all  appear  to  converge  to  the  same  invisible 
point  And  this  point,  thus  indicated  by  the  natural 
course  of  things,  can  be  no  other  than  that  which  is 
disclosed  to  us  as  the  starting  point  of  the  providential 
colirse  of  the  world ;  for  we  are  jpersuaded  by  such  reasons 
as  have  just  been  hinted,  that  the  Creator  of  the  hatnl^l 
world  can  be  no  other  than  the  Author  and  Governor 
and  Judge  of  the  moral  and  spiritual  world. 
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13.  Thus  we  are  led,  by  our  material  sciences,  and 
especially  by  the  Patetiological  class  of  them,  to  the 
borders  of  a  higher  region,  and  to  a  point  of  view  from 
which  we  have  a  prospect  of  other  provinces  of  know- 
ledge, in  which  other  faculties  of  man  are  concerned 
besides  his  intellectual,  other  interests  involved  besides 
those  of  speculation.  On  these  it  does  not  belong  to  our 
present  plan  to  dwell :  but  even  such  a  brief  glance  as 
we  have  taken  of  the  connexion  of  material  with  moral 
speculations  may  not  be  useless,  since  it  may  serve  to 
show  that  the  principles  of  truth  which  we  are  now  labo- 
riously collecting  among  the  results  of  the  physical  sci- 
ences, may  possibly  find  some  application  in  those  parts 
of  knowledge  towards  which  men  most  naturally  look 
with  deeper  interest  and  more  serious  reverence. 


We  have  been  employed  up  to  the  present  stage 
of  this  work  in  examining  the  materials  of  knowledge^ 
namely,  Facts  and  Ideas ;  and  we  have  dwelt  particularly 
upon  the  latter  element ;  inasmuch  as  the  consideration 
of  it  is,  on  various  accounts,  and  especially  at  the  present 
time,  by  far  the  most  important  We  have  now  to  pro- 
ceed to  the  remainder  of  our  task; — to  determine  the 
processes  by  which  those  materials  may  actually  be  made 
to  constitute  knowledge.  We  have  surveyed  the  stones 
of  our  building:  we  have  found  them  exactly  squared, 
and  often  curiously  covered  with  significant  imagery  and 
important  inscriptions.  We  have  now  to  discover  how 
they  may  best  be  fitted  into  their  places^  and  cemented 
together,  so  that  rising  stage  above  stage,  they  may  grow 
at  last  into  that  fair  and  lofty  temple  of  Truth  for  which 
we  cannot  doubt  that  they  were  intended  by  the  Great 
Architect. 
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De  Scieutiis  turn  demum  bene  sperandum  est,  quando 
por  ScALAM  veram  et  per  gradus  continuos,  et  non  inter- 
niissos  aut  hialcos,  a  particularibns  ascendetur  ad  Azio- 
matnr  minora,  et  deinde  ad  media,  alia  aliis  superiora, 
et  postremb  demum  ad  generalissima. 

In  constituendo  autem  Aziomate^  Forma  Inductiokis 
alia  quam  adhuc  in  nsu  fuit,  ezcogitanda  est ;  et  quae 
non  ad  Principia  tantum  (qn»  voeant)  probanda  et 
inTcnienda,  sed  etiam  ad  Aziomata  minora,  et  media, 
denique  omnia. 
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BOOK  XT. 


OF  THE  CONSTRUCTION  OF  SCIENCE. 


Chapter  I. 

OF  TWO  PRINCIPAL  PROCESSES  BY  WHICH 
SCIENCE  IS  CONSTRUCTED. 

To  the  subject  of  tlie  present  Book  all  that  has  pre- 
ceded is  subordinate  and  preparatory.  The  First  Part  of 
this  work  treated  of  Ideas:  we  now  enter  upon  the 
Second  Part,  in  which  we  have  to  consider  the  Know- 
ledge which  arises  from  them.  It  has  already  been  stated 
that  knowledge  requires  us  to  possess  both  Facts  and 
Ideas; — that  every  step  in  our  knowledge  consists  iu 
applying  the  ideas  and  conceptions  furnished  by  our 
minds  to  the  facts  which  observation  and  experiment 
offer  to  us.  When  our  conceptions  are  clear  and  distinct, 
when  our  facts  are  certain  and  sufficiently  numerous,  and 
when  the  conceptions,  being  suited  to  the  nature  of  the 
facts,  arc  applied  to  them  so  as  to  produce  an  exact  and 
universal  accordance,  we  attain  knowledge  of  a  ])recise 
and  comprehensive  kind,  which  we  may  term  Scimce. 
And  we  apply  this  term  to  our  knowledge  still  more 
decidedly  when,  facts  being  thus  included  in  exact  and 
general  propositions,  such  propositions  are,  in  the  same 
manner,  included  with  equal  rigour  in  propositions  of  a 
higher  degree  of  generality;  and  these  again  in  others  of 
a  still  %vider  nature,  so  as  to  form  a  large  and  systematic 
whole. 
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But  after  thus  stating,  in  a  general  way,  the  nature  of 
science,  and  the  elements  of  which  it  consists,  we  have 
been  examining  with  a  more  close  and  extensive  scrutiny, 
some  of  those  elements  ;  and  we  must  now  return  to  our 
main  subject,  and  apply  to  it  the  results  of  our  long 
investigation.  We  have  been  exploring  the  realm  of 
Ideas;  we  have  been  passing  in  review  tlie  difficulties 
in  which  the  workings  of  our  own  minds  involve  us 
when  we  would  make  our  conceptions  consistent  with 
themselves :  and  we  have  endeavoured  to  get  a  sight  of 
the  true  solutions  of  these  difficulties.  We  have  now  to 
inquire  how  the  results  of  these  long  and  laborious  efforts 
of  thought  find  their  due  place  in  the  formation  of  our 
knowledge.  What  do  we  gain  by  these  attempts  to 
make  our  notions  distinct  and  consistent ;  and  in  what 
manner  is  the  gain  of  which  we  thus  become  possessed, 
carried  to  the  general  treasure-house  of  our  permanent 
and  indestructible  knowledge?  After  all  this  battling 
in  the  world  of  ideas,  all  this  struggling  with  the  shadowy 
and  changing  forms  of  intellectual  perplexity,  how  do  w^e 
Secure  to  ourselves  the  fruits  of  our  warfare,  and  assure 
ourselves  that  we  have  really  pushed  forwards  the  fron- 
tier of  the  empire  of  Science  ?  It  is  by  such  an  appro- 
priation that  the  task  which  we  have  had  in  our  hands 
during  the  last  nine  Books  of  this  work,  must  acquire  its 
real  value  and  true  place  in  our  design. 

In  order  to  do  this,  we  must  reconsider,  in  a  more 
definite  and  precise  shape,  the  doctrine  which  has  already 
been  laid  down ; — that  our  knowledge  consists  in  apply- 
ing Ideas  to  Facts ;  and  that  the  conditions  of  real  know- 
ledge are  that  the  ideas  be  distinct  and  appropriate,  and 
exactly  applied  to  clear  and  certain  facts.  The  steps  by 
which  our  knowledge  is  advanced  are  those  by  which 
one  or  the  other  of  these  two  processes  is  rendered  more 
complete ; — ^by  which  conceptions  are  made  more  clear  in 
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themselves,  or  by  which  the  conceptions  more  strictly 
kind  together  tl^  facts.  These  two  processes  may  be  con- 
sidered as  together  constituting  the  whole  formation  of 
our  knowledge ;  and  the  principles  which  have  been  esta- 
blished in  the  preceding  Books,  bear  principally  upon  the 
former  of  these  two  operations ; — ^upon  the  business  of 
elevating  our  conceptions  to  the  highest  possible  point  of 
precision  and  generality.  But  these  two  portions  of  the 
progress  of  knowledge  are  so  clearly  connected  ^vith 
each  other,  that  we  shall  consider  them  in  immediate 
succession.  And  having  now  to  consider  these  operations 
in  a  more  exact  and  formal  manner  than  it  was  before 
possible  to  do,  we  shall  designate  them  by  certain  con- 
stant and  technical  phrases.  We  shall  speak  of  the  two 
processes  by  which  we  arrive  at  science,  as  tite  Eajdicatioii 
of  Conceptions  and  t/ut  CoUigation  of  Facts :  we  shall 
show  how  the  discussions  in  which  we  have  been  engaged 
have  been  necessary  in  order  to  promote  the  former  of 
these  offices ;  and  we  shall  endeavour  to  point  out  mode^, 
maxims,  and  principles  by  which  the  second  of  the  two 
tasks  may  also  be  furthered. 


Chapter  II. 
OF  THE  EXPLICATION  OF  CONCEPTIONS. 

1.  We  have  given  the  appellation  of  Ideas  to  certain 
comprehensive  forms  of  thought, — as  space,  number,  cause, 
composition,  resemblance, — ^which  we  apply  to  the  pheno- 
mena which  we  contemplate.  But  the  special  modifica- 
tions of  these  ideas  which  are  exemplified  in  particular 
fitcts,  we  have  termed  Conceptions;  as  a  circle,  a  square 
number,  an  accelerating  force,  a  neutral  combination  of  ele- 
ments^ a  ffenus.     Such  Conceptions  involve  in  themselves 
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certain  necessarj  and  universal  relations  derived  from  the 
ideas  just  enumerated ;  and  these  relations  are  an  indis- 
pensable portion  of  the  texture  of  our  knowledge.  But 
to  determine  the  contents  and  limits  of  this  portion  of 
our  knowledge,  requires  an  examination  of  the  ideas  and 
conceptions  from  which  it  proceeds.  The  conceptions 
must  be,  as  it  were,  carefully  unfolded^  so  as  to  bring 
into  clear  view  the  elements  of  truth  with  which  they  are 
marked  from  their  ideal  origin.  This  is  one  of  the  pro- 
cesses by  which  our  knowledge  is  extended  and  made 
more  exact ;  and  this  I  shall  describe  as  the  Eaplicaiwn 
of  Conceptions. 

In  the  preceding  Books  we  have  discussed  a  great 
many  of  the  Fundamental  Ideas  of  the  most  important 
existing  sciences.  We  have,  in  those  Books,  abundant 
exemplifications  of  the  process  now  under  our  considera- 
tion. We  shall  here  add  a  few  general  remarks,  sug- 
gested by  the  survey  which  we  have  thus  made. 

2.  (I.)  Such  discussions  as  those  in  which  we  have  been 
engaged  ccmceming  our  fundamental  ideas,  have  been  the 
course  by  which,  historically  speaking,  those  conceptions 
which  the  existing  sciences  involve  have  been  rendered 
so  clear  as  to  be  fit  elements  of  exact  knowledge.  The 
disputes  concerning  the  various  kinds  and  measures  of 
Force  were  an  important  part  of  the  progress  of  the  sci- 
ence of  mechanics.  The  struggles  by  which  philosophers 
attained  a  right  general  conception  of  plane,  of  circular, 
of  elliptical  Polarization,  were  some  of  the  most  difficult 
steps  in  the  modern  discoveries  of  optics.  A  conception 
of  the  Atomic  Constitution  of  bodies,  such  as  shall  include 
what  we  know,  and  assume  nothing  more,  is  even  now  a 
matter  of  conflict  among  chemists.  The  debates  by  which, 
in  recent  times,  the  conceptions  of  Species  and  Genera 
have  been  rendered  more  exact,  have  improved  the  science 
of  botany :  the  imperfection  of  the  science  of  mineralogy 
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arises  in  a  great  measure  from  the  circumstance,  that  in 
that  subject,  the  conception  of  a  Species  is  not  yet  fixed* 
In  physiology,  what  a  vast  advance  would  that  philoso- 
pher make,  who  should  establish  a  precise,  tenable,  and 
consistent  conception  of  Life ! 

Thus  discussions  and  speculations  concerning  the  im- 
port of  very  abstract  and  general  terms  and  notions,  may 
be,  and  in  reality  have  been,  far  from  useless  and  barren. 
Such  discussions  arose  from  the  desire  of  men  to  impress 
their  opinions  on  others,  but  they  had  the  effect  of  making 
the  opinions  much  more  clear  and  distinct.  In  tr3ring  to 
make  others  understand  them,  they  learnt  to  understand 
themselves.  Their  speculations  were  begun  in  twilight, 
and  ended  in  the  full  brilliance  of  day.  It  was  not  easily 
and  at  once,  without  expenditure  of  labour  or  time,  that 
men  arrived  at  those  notions  which  now  form  the  ele- 
ments of  our  knowledge ;  on  the  contrary,  we  have,  in 
the  history  of  science,  seen  how  hard  discoverers,  and  the 
forerunners  of  discoverers,  have  had  to  struggle  with  the 
indistinctness  and  obscurity  of  the  intellect,  before  they 
could  advance  to  the  critical  point  at  which  truth  became 
clearly  visible.  And  so  long  as,  in  this  advance,  some 
speculators  were  more  forward  than  others,  there  was  a 
natural  and  inevitable  ground  of  difference  of  opinion,  of 
argumentation,  of  wrangling.  But  the  tendency  of  all 
such  controversy  is  to  diffuse  truth  and  to  dispel  error. 
Truth  is  consistent,  and  can  bear  the  tug  of  war ;  error  is 
incoherent,  and  falls  to  pieces  in  the  struggle.  True  con- 
ceptions can  endure  the  sun,  and  become  clearer  as  a 
fuller  light  is  obtained ;  confused  and  inconsistent  notions 
vanish  like  visionary  spectres  at  the  break  of  a  brighter 
day«  And  thus  all  the  controversies  concerning  such 
eoneeptidns  as  science  involves  have  ever  ended  in  the 
esttbUftbrnietit  of  the  ride  on  which  ihc^  tratfe  waa  found* 
viio&i'ind^dd,  wie<miptete^fa8M'1>^mtli<9f  victory  laf  triltli 
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in  most  of  these  instances^  that  at  present  we  can  hardly 
imagine  the  struggle  to  have  been  necessary.  The  very 
essence  of  these  triumphs  is  that  they  lead  us  to  regard 
the  views  we  reject  as  not  only  false,  but  inconceivable. 
And  hence  we  are  led  rather  to  look  back  upon  the  van- 
quished with  contempt  than  upon  the  victors  vnth  grati- 
tude. We  now  despise  those  who  in  the  Copemican 
controversy  could  not  conceive  the  apparent  motion  of 
the  sun  on  the  heliocentric  hypothesis ;  or  those  who,  in 
opposition  to  Galileo,  thought  that  a  uniform  force  might 
be  that  which  generated  a  velocity  proportional  to  the 
space;  or  those  who  held  there  was  something  absurd 
in  Newton's  doctrine  of  the  different  refrangibility  of 
differently  coloured  rays;  or  those  who  imagined  that 
when  elements  combine,  their  sensible  qualities  must  be 
manifest  in  the  compound ;  or  those  who  were  reluctant 
to  give  up  the  distinction  of  vegetables  into  herbs,  shrubs, 
and  trees.  We  cannot  help  thinking  that  men  must 
have  been  singularly  dull  of  comprehension  to  find  a 
difficulty  in  admitting  what  is  to  us  so  plain  and  simple. 
We  have  a  latent  persuasion  that  we  in  their  place  should 
have  been  wiser  and  more  clear-sighted ; — that  we  should 
have  taken  the  right  side,  and  given  our  assent  at  once 
to  the  truth. 

4.  Yet  in  reality  such  a  persuasion  is  a  mere  delusion. 
The  persons  who,  in  such  instances  as  the  above,  were 
on  the  losing  side,  were  very  far,  in  most  cases,  from 
being  persons  more  prejudiced,  or  stupid,  or  narrow* 
minded,  than  the  greater  part  of  mankind  now  are; 
and  the  cause  for  which  they  fought  was  far  from  being 
a  manifestly  bad  one,  till  it  had  been  so  decided  by  the 
result  of  the  war.  It  is  the  peculiar  character  of  scien- 
tific contests,  that  what  is  only  an  epigram  with  regard 
to  other  warfare  is  a  truth  in  this ;  and  they  who  are 
defeated  are  really  in  the  wrong.    But  they  may,  never- 
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tlielesg,  be  men  of  great  subtilt}^,  sagacity,  and  genius  J 
and  we  nourish  a  very  foolish  self-complacency  when  we 
suppose  that  we  are  their  superiors.  That  this  is  so,  is 
proved  by  recollecting  that  many  of  those  who  have  made 
very  great  discoveries  have  laboured  under  the  imper* 
fection  of  thought  which  was  the  obstacle  to  the  next 
step  in  knowledge.  Though  Kepler  detected  with  great 
acuteness  the  numerical  laws  of  the  solar  system,  he 
laboured  in  vain  to  conceive  the  very  simplest  of  the  lawtf 
of  motion  by  which  the  paths  of  the  planets  are  governed* 
Though  Priestley  made  some  important  steps  in  chemistryi 
he  could  not  bring  his  mind  to  admit  the  doctrine  of  a 
general  principle  of  oxidation.  How  many  ingenious 
men  in  the  last  century  rejected  the  Newtonian  attract 
tion  as  an  impossible  chimera !  How  many  more,  equally 
intelligent,  have,  in  the  same  manner,  in  our  own  time, 
rejected,  I  do  not  now  mean  as  false,  but  as  inconceivable^ 
the  doctrine  of  luminiferous  undulations !  To  err  in  this 
way  is  the  lot,  not  only  of  men  in  general,  but  of  men  of 
great  endowments,  and  very  sincere  love  of  truth. 

6.  And  those  who  liberate  themselves  from  such  per^ 
plexities,  and  who  thus  go  on  in  advance  of  their  age  in 
such  matters,  owe  their  superiority  in  no  small  degree  U^ 
such  discussions  and  controversies  as  those  to  which  we 
now  refer.  In  such  controversies,  the  conceptions  in 
question  are  turned  in  all  directions,  examined  on  all 
sides;  the  strength  and  the  weakness  of  the  maxims 
which  men  apply  to  them  are  fully  tested ;  the  light  of 
the  brightest  minds  is  diffused  to  others.  Inconsistency 
is  unfolded  into  self-contradiction ;  axioms  are  built  up 
into  a  system  of  necessary  truths ;  and  ready  exemplifi-^ 
cations  are  accumulated  of  that  which  is  to  be  proved  or 
disproved  concerning  the  ideas  which  are  the  basis  of 
the  controversy. 

The  History  of  Mechanics  from  the  time  of  Kepter 
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to  that  of  Lagrange,  is  perhaps  the  best  exemplification 
of  the  mode  in  which  the  progress  of  a  science  depends 
upon  such  disputes  and  speculations  as  give  clearness  and 
generality  to  its  elementary  conceptions.  This»  it  is  to 
be  recollected,  is  the  kind  of  progress  of  which  we  are 
now  speaking;  and  this  is  the  principal  feature  in  the 
portion  of  scientific  history  which  we  have  mentioned. 
For  almost  all  that  was  to  be  done  by  reference  to  obser- 
vation, was  executed  by  Galileo  and  his  disciples.  What 
remained  was  the  task  of  generalization  and  simplifica- 
tion. And  this  was  promoted  in  no  small  degree  by  the 
various  controversies  which  took  place  within  that  period 
concerning  mechanical  conceptions: — as,  for  example^ 
the  question  concerning  the  measure  of  the  force  of  per- 
cussion ; — ^the  war  of  the  vis  viva ; — the  controversy  of 
the  centre  of  oscillation ; — of  the  independence  of  statics 
and  dynamics ; — of  the  principle  of  least  action ;— -of  the 
evidence  of  the  laws  of  motion ; — and  of  the  number  of 
laws  really  distinct.  None  of  these  discussions  was  with- 
out its  influence  in  giving  generality  and  clearness  to  the 
mechanical  ideas  of  mathematicians:  and  therefore,  though 
remote  from  general  apprehension,  and  dealing  with  very 
abstract  notions,  they  were  of  eminent  use  in  the  perfect- 
ing the  science  of  mechanics.  Similar  controversies  con- 
cerning fundamental  notions,  those,  for  example,  which 
Galileo  himself  had  to  maintain,  were  no  less  useful  in 
the  formation  of  the  science  of  hydrostatics.  And  the 
like  struggles  and  conflicts,  whether  they  take  the  form 
of  controversies  between  several  persons,  or  only  operate 
in  the  efforts  and  fluctuations  of  the  discoverer  s  mind, 
are  always  requisite  before  the  conceptions  acquire  that 
clearness  which  makes  them  fit  to  appear  in  the  enuncia- 
tion of  scientific  truth. 

This,  then,  is  one  object  of  the  preceding  Books ; — to 
bring  under  the  reader's  notice  the  main  elements  of  the 
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controversies  which  have  thus  had  so  important  a  share 
in  the  formation  of  the  existing  body  of  science,  and  the 
decisions  on  the  controverted  points  to  which  the  mature 
examination  of  the  subject  has  led;  and  thus  to  give 
an  abundant  exhibition  of  that  step  which  we  term  the 
Explication  of  Conceptions. 

6.  (II.)  The  result  of  such  controversies  as  we  have 
been  speaking  of,  often  appears  to  be  summed  up  in  a 
Definition ;  and  the  controversy  itself  has  often  assumed 
the  form  of  a  battle  of  definitions.  For  example,  the 
inquiry  concerning  the  laws  of  falling  bodies  led  to  the 
question  whether  the  proper  definition  of  a  uniform  force 
is,  that  it  generates  a  velocity  proportional  to  the  space 
from  rest,  or  to  the  time.  The  controversy  of  the  vis  viva 
was,  what  was  the  proper  definition  of  the  measure  of 

force.  A  principal  question  in  the  classification  of  mine- 
rals is,  what  is  the  definition  of  a  mineral  species.  Phy- 
siologists have  endeavoured  to  throw  light  on  their  sub- 
ject, by  defining  organization^  or  some  similar  term. 

7.  It  is  very  important  for  us  to  observe,  that  these 
controversies  have  never  been  questions  of  insulated  and 
arbUrary  definitions,  as  men  seem  often  tempted  to  sup- 
pose them  to  have  been.  In  all  cases  there  is  a  tacit 
assumption  of  some  proposition  which  is  to  be  expressed 
by  means  of  the  definition,  and  which  gives  it  its  import- 
ance. The  dispute  concerning  the  definition  thus  acquires 
a  real  value,  and  becomes  a  question  concerning  true  and 
false.  Thus  in  the  discussion  of  the  question.  What  is  a 
imiform  force?  it  was  taken  for  granted  that  gravity  is  a 
uniform  force: — in  the  debate  of  the  vis  vivOy  it  was 
assumed  that  in  the  mutual  action  of  bodies  the  whole 
effect  of  the  force  is  unchanged : — in  the  zoological  defi- 
nition of  species,  (that  it  consists  of  individuals  which 
have,  or  may  have,  sprung  from  the  same  parents,)  it  is 
presumed  that  individuals  so  related  resemble  each  other 
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more  than  those  which  are  excluded  by  such  a  definition ; 
or  perhaps^  that  species  so  defined  have  permanent  and 
definite  differences.  A  definition  of  organization^  ot  of 
any  other  term^  which  w^as  not  employed  to  express  some 
principle,  would  be  of  no  value^ 

The  establishment,  therefore^  of  a  right  definition  of 
a  term  may  be  a  useful  step  in  the  expli(Mttion  of  our 
conceptions;  but  this  will  be  the  Case  then  only  wheii 
we  have  under  our  consideration  some  proposition  in 
which  the  term  is  employed.  For  then  the  question 
really  iB»  how  the  conception  shall  be  understood  and 
defined  in  order  that  the  proposition  may  b^  true. 

8.  The  establishment  of  a  proposition  requires  an 
attention  to  observed  facts,  and  can  never  be  rightly 
derived  from  out  conceptions  alone.  We  must  hereafter 
consider  the  necessity  which  exists  that  the  facts  should 
be  rightly  bound  together,  as  well  ad  that  our  cohceptions 
^hould  be  clearly  employed,  in  order  to  lead  us  to  real 
knowledge^  But  we  may  observe  here  that,  in  such 
cases  at  least  as  we  are  now  considering,  thd  two  pro- 
cesses are  co-ordinate.  To  unfold  our  conceptions  by  the 
means  of  definitions  has  never  been  serviceable  to  science^ 
except  when  it  has  been  associated  with  an  immediate  use 
of  the  definitions.  The  endeavour  to  define  a  Uniform 
Force  was  combined  With  the  assertion  that  gravity  is  a 
uniform  force :  the  attempt  to  define  Accelerating  Force 
was  immediately  followed  by  the  doctrine  that  accelera^ 
ting  forces  may  be  compounded :  the  process  of  defining 
Momentum  was  connected  with  the  principle  that  mo^ 
menta  gained  and  lost  are  equal :  naturalists  would  have 
given  in  vain  the  definition  of  Species  which  we  have 
quoted,  if  they  had  not  also  given  the  characters  of 
species  so  separated.  Definition  and  Proposition  are  the 
two  handles  of  the  instrument  by  which  we  apprehend 
tmth  i  the  former  is  of  no  use  without  the  latter.     Defi* 
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nition  may  be  the  best  mode  of  explaining  our  conception^ 
but  that  which  alone  makes  it  worth  while  to  exphuU  it 
in  anj  mode,  is  the  opportunity  of  using  it  in  the  expreflh 
sion  of  truth.  When  a  definition  is  propounded  to  us  as 
a  useful  step  in  knowledge,  we  are  always  entitled  to  ask 
what  principle  it  serves  to  enunciate.  If  there  be  no 
answer  to  this  inquiry,  we  define  and  give  clearness  to  our 
conceptions  in  vain.  While  we  labour  at  such  a  task,  wo 
do  but  light  up  a  vacant  room ;  we  sharpen  a  knife  with 
which  we  have  nothing  to  cut ;  we  take  exact  aim^  while 
we  load  our  artillery  with  blank  cartridge;  we  ajpply  strict 
rules  of  grammar  to  sentences  which  have  no  me^dlning. 

If,  on  the  other  hand,  we  have  under  our  considera^. 
tion  a  proposition  probably  established,  every  step  which 
we  can  make  in  giving  distinctness  and  exactness  to  the 
terms  which  this  proposition  involves,  is  an  important 
step  towards  scientific  truth.  In  such  cases,  anyimprove* 
ment  in  our  definition  is  a  real  advance  in  the  explication 
of  our  conception.  The  clearness  of  our  expressions  casta 
a  light  upon  the  ideas  which  we  contemplate  and  convey 
to  others. 

9.  (III.)  But  though  de/imtion  may  be  subservietit 
to  a  right  explication  of  our  conceptions,  it  is  not  essential 
to  that  process.  It  is  absolutely  necessary  to  every 
advance  in  our  knowledge,  that  those  by  whom  such 
advances  are  made  should  possess  clearly  the  conceptioiQS 
which  they  employ:  but  it  is  by  no  means  necessary 
that  they  should  unfold  these  conceptions  in  the  worda. 
of  a  formal  definition.  It  is  easily  seen,  by  examining 
the  course  of  Galileo's  discoveries,  that  he  had  a  distinct 
conception  of  the  moving  force  which  uiges  bodies  down* 
wards  upon  an  inclined  plane,  while  he  sdll  hesitated 
whether  to  call  it  Momentum,  Energy,  Impetus,  oi 
Force,  and  did  not  venture  to  ofier  a  definition  of  the^ 
thing  which  was  the  subject  of  his  thoughts.    The  wa^ 

N2 


180  CONSTRUCTION  OF  SCIENCE. 

ception  of  polarizalion  was  clear  in  the  minds  of  many 
optical,  speculators,  from  the  time  of  Huyghens  and 
Ne^rton  to  that  of  Young  and  Fresnel.  This  conception 
we  have  defined  to  be  ^^  opposite  properties  depending 
upon  opposite  positions;"  but  this  notion  was,  by  the 
dkcoTerers,  though  constantly  assumed  and  expressed  by 
means  of  superfluous  hypotheses,  never  clothed  in  definite 
language.  And  in  the  mean  time,  it  was  the  custom, 
among  subordinate  writers  on  the  same  subjects,  to  say 
that  the  term  polarization  had  no  definite  meaning,  and 
was  merely  an  expression  of  our  ignorance.  The  defini* 
tion  which  was  offered  by  Haiiy  and  others  of  a  mineral 
logical  species  ;^^^^  The  same  elements  combined  in  the 
tame  proportions,  with  the  same  fundamental  form  ;**--« 
was  &lse^  inasmuch  as  it  was  incapable  of  being  rigor- 
ously applied  to  any  one  case ;  but  this  defect  did  not 
prevent  the  philosophers  who  propounded  such  a  defini- 
tion from  making  many  valuable  additions  to  mineralo- 
gical  knowledge,  in  the  way  of  identifying  some  species 
and  distinguishing  others.  The  right  conception  which 
they  possessed  in  their  minds  prevented  their  being 
misled  by  their  own  very  erroneous  definition.  The  want 
of  any  precise  definitions  of  stratOy  and  formatiotiSy  and 
epochSf  amoQg  geologists,  has  not  prevented  the  discus-* 
sions  which  they  have  carried  on  upon  such  subjects  from 
being  highly  serviceable  in  the  promotion  of  geological 
knowledge.  For  however  much  the  apparent  vagueness 
of  these  terms  might  leave  their  arguments  open  to  cavil, 
t^re  was  a  general  understanding  prevalent  among  the 
most  intelligent  cultivators  of  the  science,  as  to  what  was 
meant  in  such  expressions ;  and  this  common  understand- 
ing sufiBced  to  determine  what  evidence  should  be  consi- 
dered conclusive  and  what  inconclusive  in  these  inquiries. 
Aiid  thus  the  distinctness  of  conception,  which  is  a  reld 
Y^a^e.qfscientifie.  progress,  oxisted  in  the  minds  of  the 
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inquirers,  although  definitions,  Avhich  are  a  pattial  and 
accidental  evidence  of  this  distinctness,  had  not  yet  been 
hit  upon.  The  idea  had  been  developed  in  men's  minds, 
although  a  clothing  of  words  had  not  been  contrived  for 
it,  nor,  perhaps,  the  necessity  of  such  a  vehicle  Ifelt: 
and  thus  that  essential  condition  of  the  progress  of  know- 
ledge of  which  we  are  here  speaking  existed;  while  it 
was  left  to  the  succeeding  speculators  to  put  this  unwritten 
rule  in  the  form  of  a  verbal  statute. 

10.  (ly.)  Men  are  often  prone  to  consider  it  as  a 
thoughtless  omission  of  an  essential  circumstance,  and  bA 
a  neglect  wliich  involves  some  blame,  when  knowledge 
thus  assumes  a  form  in  which  definitions,  or  rather  con- 
ceptions, are  implied  but  are  not  expressed.  But  in  such 
a  judgment,  they  assume  that  to  be  a  matter  of  choice 
requiring  attention  only,  which  is  in  fact  t^s  difficult  and 
precarious  as  any  other  portion  of  the  task  of  discovery* 
To  define,  so  that  our  definition  shall  have  any  scientific 
value,  requires  no  small  portion  of  that  sagacity  by  which 
truth  is  detected.  As  we  have  already  said,  definition^ 
and  propositions  are  co-ordinate  in  their  use  and  in  their 
brigin.  In  many  cases,  perhaps  in  most,  the  proposition 
which  contains  a  scientific  truth,  is  apprehended  with 
confidence,  but  with  some  vagueness  and  vacillation^ 
before  it  is  put  in  a  positive,  distinct,  and  definite  form^^ 
It  is  thus  known  to  be  true,  before  it  can  be  enunciated 
in  terms  each  of  which  is  rigorously  defined.  The  busi-' 
ness  of  definition  is  part  of  the  business  of  discovery. 
When  it  has  been  clearly  seen  what  ought  to  be  our 
definition,  it  must  be  pretty  well  known  what  truth  we 
have  to  state.  The  definition,  as  well  as  the  discovery; 
supposes  a  decided  step  in  our  knowledge  to  have  heen 
made.  The  writers  on  Logic  in  the  middle  ages,  made 
Definition  the  last  stage  in  the  progress  of  knowiei^e;  and 
in  this  arrangement  at  least,  the  history  of  science,  and 
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tlie  philosophy  derived  from  the  history,  confirm  their 
speculative  views.  If  the  explication  of  our  conceptions 
ever  assume  the  fonn  of  a  definition,  it  will  not  be  as  an 
arbitrary  process,  or  as  a  matter  of  course,  but  as  the 
mark  of  one  of  those  happy  eflbrts  of  sagacity  to  which 
all  the  successive  advances  of  our  knowledge  are  owing. 

11.  (V.)  Our  conceptions,  then,  even  when  they  be^ 
come  so  clear  as  the  progress  of  knowledge  requires,  are 
not  adequately  expressed,  or  necessarily  expressed  at  all, 
by  means  of  definitions.  We  may  ask,  then,  whether  there 
is  any  other  mode  of  expression  in  which  we  may  look  for 
the  evidence  and  exposition  of  that  peculiar  exactness 
af  thought  which  the  formation  of  science  demands. 
And  in  answer  to  this  inquiry,  we  may  refer  to  the  pre- 
vious discussions  respecting  many  of  the  fundamental 
ideas  of  the  sciences.  It  has  there  been  seen  that  these 
ideas  involve  many  elementary  truths  which  enter  into 
the  texture  of  our  knowledge,  introducing  into  it  con- 
nexions and  relations  of  the  most  important  kind,  although 
these  elementary  truths  cannot  be  deduced  from  any 
verbal  definition  of  the  idea.  It  has  beei\  seen  that  these 
elementary  truths  may  often  be  enunciated  by  means  of 
Ajnomsj  stated  in  addition  to,  or  in  preference  to.  Defini- 
tions. For  example,  the  Idea  of  Cause,  which  forms  the 
basis  of  the  science  of  mechanics,  makes  its  appearance 
in  oiir  elementary  mechanical  reasonings,  not  as  a  defini- 
tion, but  by  means  of  the  axioms  that  causes  are  measured 
by  their  effects,  and  that  reaction  is  equal  and  opposite  to 
action.  Such  axioms,  tacitly  assumed  or  occasionally 
stated  as  maxims  of  acknowledged  validity,  belong  to  all 
the  ideas  which  form  the  foundations  of  the  sciences,  and 
are  constantly  employed  in  the  reasoning  and  si)eculations 
of  those  who  think  clearly  on  such  subjects.  It  may 
often  be  a  task  of  some  difiSculty  to  detect  and  enunciate 
in  words  the  pripciples  which  are  thus,  pcrha]>s  silently 
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and  unconsciously,  taken  for  granted  by  those  \¥ho  have  a 
share  in  the  establishment  of  scientific  truth :  but  inas- 
much as  these  principles  are  an  essential  element  in  our 
knowledge,  It  is  very  important  to  our  present  purpose  to 
separate  them  from  the  associated  materials  and  to  trace 
them  to  their  origin.  This  accordingly  I  have  attempted 
to  do,  with  regard  to  a  considerable  number  of  the  most 
prominent  of  such  ideas,  in  the  preceding  Books.  The 
reader  will  there  find  many  of  these  ideas  resolved  into 
axioms  and  principles  by  means  of  which  their  effect 
upon  the  elementary  reasonings  of  the  various  sciences 
may  be  expressed.  That  part  of  the  Work  is  intended  to 
form,  in  some  measure,  a  representation  of  the  ideal  side 
of  our  physical  knowledge ; — a  table  of  those  contents  of 
our  conceptions  which  are  not  received  directly  from  fkcts; 
—an  exhibition  of  rules  to  which  we  know  that  truth 
must  conform. 

12.  In  order,  however,  that  we  may  see  the  necessary 
cogency  of  these  rules,  we  must  possess,  clearly  and 
steadily,  the  ideas  from  which  the  rules  flow.  In  order 
to  perceive  the  necessary  relations  of  the  circles  of  the 
sphere,  we  must  possess  clearly  the  Idea  of  solid  Space : 
* — ^in  order  that  we  may  see  the  demonstration  of  the 
composition  of  forces,  we  must  have  the  Idea  of  Cause 
moulded  into  a  distinct  conception  of  statical  force.  This 
is  that  Clearness  of  Ideas  which  we  stipulate  for  in  any 
one's  mind,  as  the  first  essential  condition  of  his  making 
any  new  step  in  the  discovery  of  truth.  And  we  now  see 
what  answer  we  are  able  to  give,  if  we  are  asked  for  a 
Criterion  of  this  Clearness  of  Idea.  The  Criterion  is,  that 
the  person  shall  see  the  necessity  of  the  Axioms  belong- 
ing to  each  Idea ; — shall  accept  them  in  such  a  manner  as 
to  perceive  the  cogency  of  the  reasonings  founded  upon 
them.  Thus  a  person  has  a  clear  idea  of  space  M'ho 
follows  the  reasonings  of  geometry  and  fully  apprehends 
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their  conclusiyeness.  The  explication  of  conceptions, 
which  we  are  speaking  of  as  an  essential  part  of  real 
knowledge,  is  the  process  by  which  we  bring  the  clearness 
of  our  ideas  to  bear  upon  the  formation  of  our  knowledge. 
And  this  is  done,  as  we  have  now  seen,  not  always,  nor 
generally,  nor  principally,  by  lajring  down  a  definition  of 
the  conception ;  but  by  acquiring  such  a  possession  of  it 
in  our  minds  as  enables,  indeed  compels  us,  to  admit 
along  with  the  conception,  all  the  axioms  and  principles 
which  it  necessarily  implies,  and  by  which  it  produces  its 
effect  upon  our  reasonings. 

13.  (VI.)  But  in  order  that  we  may  make  any  real 
advance  in  the  discovery  of  truth,  our  ideas  must  not 
only  be  clear,  they  must  also  be  appropriate.  Each 
science  has  for  its  basis  a  different  class  of  ideas ;  and  the 
steps  which  constitute  the  progress  of  one  science  can 
never  be  made  by  employing  the  ideas  of  another  kind  of 
science.  No  genuine  advance  could  ever  be  obtained  in 
mechanics  by  applying  to  the  subject  the  ideas  of  space 
and  time  merely : — ^no  advance  in  chemistry  by  the  use  of 
mere  mechanical  conceptions : — no  discovery  in  physiology, 
by  referring  facts  to  mere  chemical  and  mechanical  prin- 
ciples. Mechanics  must  involve  the  conception  of  force ; 
—chemistry,  the  conception  of  elementary  composition ; 
—physiology,  the  conception  of  vital  powers.  Each 
science  must  advance  by  means  of  its  appropriate  concep- 
tions. Each  has  its  own  field,  which  extends  as  far  as  its 
principles  can  be  applied.  I  have  already  noted  the 
separation  of  several  of  these  fields  by  the  divisions  of  the 
preceding  Books.  The  Mechanical,  the  Secondary  Me- 
chanical, the  Chemical,  the  Classificatory,  the  Biological 
Sciences  form  so  many  great  provinces  in  the  kingdom  of 
knowledge,  each  in  a  great  measure  possessing  its  own 
peculiar  fundamental  principles.  Every  attempt  to  build 
up  a  new  science  by  the  application  of  principles  which 
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belong  to  an  old  one,  will  lead  to  frivolous  and  barren 
speculations. 

This  truth  has  been  exemplified  in  all  the  instances  in 
which  subtle  speculative  men  have  failed  in  their  attempts 
to  frame  new  sciences,  and  especially  in  the  essays  of  the 
ancient  schools  of  philosophy  in  Greece,  as  has  already 
been  stated  in  the  History  of  Science.  Aristotle  and 
his  followers  endeavoured  in  vain  to  account  for  the 
mechanical  relation  of  forces  in  the  lever  by  applying  the 
inappropriate  geometrical  conceptions  of  the  properties  of 
the  circle : — they  failed  in  explaining  the  form  of  the 
luminous  spot  made  by  the  sun  shining  through  a  hole, 
because  they  applied  the  inappropriate  conception  of  a 
circular  quality  in  the  sun's  light : — they  speculated  to  no 
purpose  about  the  elementary  composition  of  bodies, 
because  they  assumed  the  inappropHate  conception  of 
likeness  between  the  elements  and  the  compound,  instead 
of  the  genuine  notion  of  elements  merely  deter mifiing  the 
qualities  of  the  compound.  And  in  like  manner,  in 
modem  times,  we  have  seen,  in  the  history  of  the  funda- 
mental ideas  of  the  physiological  sciences,  how  all  the 
inappropriate  mechanical  and  chemical  and  other  ideas 
which  were  applied  in  succession  to  the  subject  failed  in 
bringing  into  view  any  genuine  physiological  truth. 

14.  That  the  real  cause  of  the  failure  in  the  instances 
above  mentioned  lay  in  the  conceptions^  is  plain.  It  was 
not  ignorance  of  the  facts  which  in  these  cases  prevented 
the  discovery  of  the  truth.  Aristotle  was  as  well  ac- 
quainted with  the  fact  of  the  proportion  of  the  weights 
which  balance  on  a  lever  as  Archimedes  was,  although 
Archimedes  alone  gave  the  true  mechanical  reason  for 
the  proportion.  Aristotle  knew  that  the  rays  of  light  are 
straight  lines,  although  he  was  not  a  sufficiently  just 
thinker  to  apply  the  conception  of  rays  in  explaining  the 
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round  image  which  the  sun  produces  by  shining  through 
a  triangular  hole*. 

With  regard  to  the  doctrine  of  the  four  elements 
indeed,  the  inapplicability  of  the  conception  of  composi- 
tion of  qualities,  required,  perhaps,  to  be  proved  by  some 
reference  to  facts.  But  this  conception  was  devised  at 
first,  and  accepted  by  succeeding  times,  in  a  blind  and 
gratuitous  manner,  which  could  hardly  have  happened  if 
men  had  been  awake  to  the  necessary  condition  of  our 
knowledge ;— that  the  conceptions  which  we  introduce 
into  our  doctrines  are  not  arbitrary  or  accidental  notions, 
but  certain  peculiar  modes  of  apprehension  strictly  deter- 
mined by  the  subject  of  our  speculations. 

15.  (VII.)  It  may,  however,  be  said  that  this  injunc- 
tion that  we  are  to  employ  appropriate  conceptions  only 
in  the  formation  of  our  knowledge,  cannot  be  of  practical 
use,  because  we  can  only  determine  what  ideas  are  appro- 
priate, by  finding  that  they  truly  combine  the  facts.  And 
this  is  to  a  certain  extent  true.  Scientific  discovery 
must  ever  depend  upon  some  happy  thought,  of  which  we 
cannot  trace  the  origin ;  some  fortunate  cast  of  intellect, 
rising  above  all  rules.  No  maxims  can  be  given  which 
inevitably  lead  to  discovery.  No  precepts  will  elevate  a, 
man  of  ordinary  endowments  to  the  level  of  a  man  of 
genius :  nor  will  an  inquirer  of  truly  inventive  mind  need 
to  come  to  the  teacher  of  inductive  philosophy  to  learn 
how  to  exercise  the  faculties  which  nature  has  given  him. 
Such  persons  as  Kepler  or  Fresnel,  or  Brewster,  will  have 

*  The  Edinburgh  Reviewer  of  my  History  (^Ed,  Rev.  No.  cxxxiii., 
p.  118,)  thinks  that  Aristotle  committed  this  error  because  he  did  not 
try  the  experiment  under  various  forms.  Yet  he  cannot  but  allow 
that  the  result  follows  by  mere  geometrical  reasoning,  vdthout  any 
experiment,  from  the  fact  which  Aristotle  did  know,  that  the  rays  of 
light  are  straight  lines.  Is  the  Reviewer's  mind  in  that  stage  of  spe- 
culation in  which  the  truths  of  geometry  are  considered  as  best  proved 
experimentally  ? 
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their  powers  of  discorering  truth  little  augmented  by  any 
Injunctions  respecting  distinct  and  appropriate  ideas; 
and  such  men  may  very  naturally  question  the  utility  of 
rules  altogether. 

16.  But  yet  the  opinions  which  such  persons  may 
entertain,  will  not  lead  us  to  doubt  concerning  the  value 
of  the  attempts  to  analyse  and  methodize  the  process  of 
discovery.  Who  would  attend  to  Kepler  if  he  had  main- 
tained that  the  speculations  of  Francis  Bacon  were 
worthless?  Notwithstanding  what  has  been  said,  we 
may  venture  to  assert  that  the  maxim  which  points  out 
the  necessity  of  ideas  appropriate  as  well  as  clear,  for 
the  purpose  of  discovering  truth,  is  not  without  its  use. 
It  may,  at  least,  have  a  value  as  a  caution  or  prohibition, 
and  may  thus  turn  us  away  from  labours  certain  to  be 
fVuitless.  We  have  already  seen  that  this  maxim,  if  duly 
attended  to,  would  have  at  once  condemned  as  wrongly 
directed  the  speculations  of  physiologists  of  the  mathema- 
tical, mechanical,  chemical,  and  vital-fluid  schools ;  since 
the  ideas  which  the  teachers  of  these  schools  introduce, 
cannot  suffice  for  the  purposes  of  physiology,  which  seeks 
truths  respecting  the  vital  powers.  Again,  it  is  clear 
from  similar  considerations  that  no  definition  of  a  mine- 
ralogical  species  by  chemical  characters  alone  can  answer 
the  end  of  science,  since  we  seek  to  make  mineralogy, 
not  an  analytical  but  a  olassificatory  science*.  Even 
before  the  appropriate  conception  is  matured  in  men's 
minds  so  that  they  see  clearly  what  it  is,  they  may  still 
have  light  enough  to  see  what  it  is  not. 

17.  (VIII.)  Another  result  of  this  view  of  the  neces- 
wty  of  appropriate  ideas,  combined  with  a  survey  of  the 

♦  This  agrees  with  what  M.  Necker  has  well  observed  in  hw 
'^  B^^m  Mineral"  tihai  those  who  have  treated  nuaferalogj  m  a  merely 
chemicaj  science,  have  substituted  the  analysis  of  substaoces  for  th^ 
classification  of  individuals.     See  above,  b.  yiii.  chap.  3.  p.  506, 
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hifitorj  of  science  is,  that  though  for  the  most  part»  as  we 
shall  see,  the  progress  of  science  consists  in  accumulating 
and  combining  facts  rather  than  in  debating  concerning 
definitions ;  there  are  still  certain  periods  when  the  c/u- 
cussion  of  Definitions  may  be  the  most  useful  mode  of  cul- 
tivating some  special  branch  of  science.  This  discussion 
is  of  course  always  to  be  conducted  by  the  light  of  facts ; 
and  as  has  already  been  said,  along  with  the  settlement 
of  every  good  Definition  will  occur  the  corresponding 
establishment  of  some  Proposition.  But  still  at  particular 
periods,  the  want  of  a  Definition,  or  of  the  clear  concep- 
tions which  Definition  supposes,  may  be  peculiarly  felt 
A  good  and  tenable  Definition  of  Species  in  mineralogy 
would  at  present  be  perhaps  the  most  important  step 
which  the  science  could  make.  A  just  conception  of  the 
nature  of  life,  (and  if  expressed  by  means  of  a  Definition 
80  much  the  better,)  can  hardly  fail  to  give  its  possessor 
an  immense  advantage  in  the  speculations  which  now 
come  under  the  consideration  of  physiologists.  And  con- 
troversies respecting  Definitions,  in  these  cases  and  such 
as  these,  may  be  very  far  from  idle  and  unprofitable. 

Tlius  the  knowledge  that  clear  and  appropriate  ideas 
are  requisite  for  discovery,  although  it  does  not  lead  to 
any  very  precise  precepts  or  su{)ersede  the  value  of 
natural  sagacity  and  inventiveness,  may  still  be  of  use  to 
us  in  our  pursuit  after  truth.  It  may  show  us  what  course 
of  research  is,  in  each  stage  of  science,  recommended  by 
the  general  analogy  of  the  history  of  knowledge ;  and  it 
may  both  save  us  from  hopeless  and  barren  paths  of 
speculation,  and  make  us  advance  vrith  more  courage  and 
confidence,  to  know  that  we  are  looking  for  discoveries 
in  the  manner  in  which  they  have  always  hitherto  been 
made. 

18.  (IX.)  Another  consequence  follows  from  the 
views  presented  in  tliis  Chapter,  and  it  is  the  last  I  shall 
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at  present  mention.      No  scientific  discovery  can,  with 
any  justice,  be  considered  due  to  accident.     In  whatever 
manner  facts  may  be  presented  to  the  notice  of  a  dis- 
coverer, they  can  never  become  the  materials  of  exact 
knowledge,  except  they  find  his  mind  already  provided 
with  precise  and  suitable  conceptions  by  which  they  may 
be  analysed  and  connected.     Indeed,  as  we  have  already 
seen,  facts  cannot  be  observed  as  facts,  except  in  virtue 
of  the  conceptions  which  the  observer*  himself  uncon- 
sciously supplies ;  and  they  are  not  facts  of  observation 
for  any  purpose  of  discovery,  except  these  familiar  and 
unconscious  acts  of  thought  be  themselves  of  a  just  and 
precise  kind.     But  supposing  the  facts  to  be  adequately 
observed,  they  can  never  be  combined  into  any  new  truth, 
except  by  means  of  some  new  conceptions,  clear  and  ap- 
propriate, such  as  I  have  endeavoured  to  characterize. 
When  the  observer  s  mind  is  prepared  with  such  instru- 
ments, a  very  few  facts,  or  it  may  be  a  single  one,  may 
bring  the  process  of  discovery  into  action.      But  in  such 
cases,  this  previous  condition  of  the  intellect,  and  not  the 
single  fact,  is  really  the  main  and  peculiar  cause  of  the 
success.     The  fact  is  merely  the  occasion  by  which  the 
engine  of  discovery  is  brought  into  play  sooner  or  later. 
It  is,  as  I  have  elsewhere  said,  only  the  spark  which  dis- 
charges a  gun  already  loaded  and  pointed  ;  and  there  is 
little  propriety  in  speaking  of  such  an  accident  as  the 
cause  why  the  bullet  hits  the  mark.     If  it  were  true  that 
the  fall  of  an  apple  was  the  occasion  of  Newton's  pursu-» 
ing  the  train  of  thought  which  led  to  the  doctrine  of 
universal  gravitation,  the  habits  and  constitution  of  New- 
ton's intellect,  and  not  the  apple,  were  the  real  source  of 
this  great  event   in   the   progress  of  knowledge.     The 
common  love  of  the  marvellous,  and  the  vulgar  desire  to 
bring  down  the  greatest  achievements  of  genius  to  our 

•  B.  i.  c.  2. 
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own  level,  may  lead  men  to  ascribe  such  results  to  any 
casual  circumstances  which  accompany  them ;  but  no  one 
who  fairly  considers  the  real  nature  of  great  discoveries, 
and  the  intellectual  processes  which  they  involve,  can 
seriously  hold  the  opinion  of  their  being  the  efifect  of 
accident. 

Id.  Such  accidents  never  happen  to  common  men. 
Thousands  of  men,  even  of  the  most  inquiring  and  spe- 
culative men,  had  seen  bodies  foil;  but  who,  except 
Newton,  ever  followed  the  accident  to  such  consequences  ? 
And  in  fact,  how  little  of  his  train  of  thought  was  con-* 
tained  in,  or  even  directly  suggested  by,  the  fall  of  the 
apple !  If  the  apple  fall,  said  the  discoverer,  why  should 
not  the  moon,  the  planets,  the  satellites  fall  ?  But  how 
^luch  previous  thought,  what  a  steady  conception  of  the 
universality  of  the  laws  of  motion  gathered  from  other 
sources,  were  requidte,  that  the  inquirer  should  see  any 
connexion  in  these  cases !  Was  it  by  accident  that  he 
saw  in  the  apple  an  image  of  the  moon,  and  of  every 
body  in  the  solar  system  ? 

20.  The  same  observations  may  be  made  with  regard 
to  the  other  cases  which  are  sometimes  adduced  as  ex- 
amples of  accidental  discovery.  It  has  been  said^,  ''  By 
the  accidental  placing  of  a  rhomb  of  calcareous  spar  upon 
a  book  or  line  Bartholinus  discovered  the  property  of  the 
DouMe  Refraction  of  light."  But  Biutholinus  could  have 
seen  no  such  consequence  in  the  accident  if  he  bad  not 
previously  had  a  clear  conception  of  single  refraction.  A 
lady,  in  describing  an  optical  experiment  which  had  been 
shown  her,  said  of  her  teacher,  ^^  He  told  me  to  increase 
and  diminish  the  angle  of  refraction^  and  at  last  I  found 
that  he  only  meant  me  to  move  my  head  up  and  do\^ii." 
At  any  rate,  till  the  lady  had  acquired  the  notions  which 
the  technical  terms  convey,  she  could  not  have  made 

*  Ed.  Bev.^  No.  czzziiL,  p.  121. 
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Bartholiaus's  discovery  by  means  of  his  accident.  "  By 
accidentally  combining  two  rhombs  in  different  positions^" 
it  is  added  *y  ''  Huyghens  discovered  the  Polarization  of 
Light"  Supposing  that  this  experiment  had  been  made 
without  design,  what  Huyghens  really  observed,  was  that 
t^e  images  appeared  and  disappeared  alternately  as  he 
turned  the  rhombs  round.  But  was  it  an  easy  or  an 
obvious  business  to  analyse  this  curious  alternation  into 
the  circumstances  of  the  rays  of  light  having  mlesy  ad 
Newton  expressed  it^  and  into  the  additional  hypotheses 
which  are  implied  in  the  temi  polarisation  ?  Those  will 
be  able  to  answer  this  question  who  have  found  how  far 
froin  easy  it  is  to  understand  clearly  what  is  meant  by 
polarization  in  this  case,  now  that  the  property  is  fully 
established.  Huyghens's  success  depended  on  his  clear* 
ness  of  thought,  for  this  enabled  him  to  perform  the  intel-^ 
lectual  analysis,  which  never  would  have  occurred  to 
most  men,  however  often  they  had  ^^  accidentally  com- 
bined two  rhombs  in  different  positions/'  *^  By  accident 
tally  looking  through  a  prism  of  the  same  substance,  and 
turning  it  round,  Mains  discovered  the  polarization  of 
light  by  reflection.**  Mains  saw  that,  in  some  positions, 
the  light  reflected  from  the  windows  of  the  Louvre  thus 
seen  through  the  prism,  became  dim.  Another  man 
would  have  supposed  this  dimness  the  result  of  accident ; 
but  his  mind  was  differently  constituted  and  disciplined. 
He  considered  the  position  of  the  window,  and  of  the 
prism ;  repeated  the  experiment  over  and  over ;  and  in 
virtue  of  the  eminently  distinct  conceptions  of  space  which 
he  possessed,  resolved  the  phenomena  into  its  geometrical 
conditions.  A  believer  in  accident  would  not  have 
sought  them ;  a  person  of  less  clear  ideas  would  not  have 
found  them.  A  person  must  have  a  strange  confidence 
in  the  virtue  of  chance,  and  the  worthlessness  of  intellect, 

*  Ed.  Bw.y  Na.  cxzxiii.,  p.  121. 
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who  can  say*  even  in  the  heat  of  debate,  or  the  reckless- 
ness of  anonymous  criticism^  that  ^^in  all  these  funda- 
mental discoveries  appropriate  ideas  had  no  share,"  and 
that  the  discoveries  "  might  have  been  made  by  the  most 
ordinary  observers." 

21.  I  have  now,  I  trust,  shown  in  various  ways,  how 
the  EapUcation  of  Conceptions^  including  in  this  term 
their  clear  development  from  Fundamental  Ideas  in  the 
discoverer's  mind,  as  well  as  their  precise  expression  in 
the  form  of  Definitions  or  Axioms,  when  that  can  be 
done,  is  an  essential  part  in  the  establishment  of  all  exact 
and  general  phjrsical  truths.  In  doing  this,  I  havee  ndea- 
voured  to  explain  in  what  sense  the  possession  of  clear 
and  appropriate  ideas  is  a  main  requisite  for  every  step 
in  scientific  discovery.  That  it  is  far  from  being  the  only 
step,  I  shall  soon  have  to  show;  and  if  any  obscurity 
remain  on  the  subject  treated  of  in  the  present  chapter, 
it  will,  I  hope,  be  removed  when  we  have  examined  the 
other  elements  which  enter  into  the  constitution  of  our 
knowledge. 


Chapter  IIL 
OF  FACTS  AS  THE  MATERIALS  OP  SCIENCE. 

We  have  now  to  examine  how  science  is  built  up 
by  the  combination  of  facts.  In  doing  this,  we  suppose 
that  we  have  already  obtained  a  supply  of  definite  and 
certain  facts,  free  from  obscurity  and  doubt.  We  must^ 
therefore,  first  consider  under  what  conditions  facts  can 
assume  this  character. 

*  This  is  said  by  the  Edinburgh  Reviewer  of  my  History,  in  an 
attempt  to  disprove  the  necessity  of  clear  and  appropriate  ideas  for 
discovery.    Ed.  Bev.y  No.  cxxxiii.,  p.  122. 
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When  w6  inquire  what  facts  are  to  be  made  the 
materials  of  science,  perhaps  the  answer  which  we  should 
most  commonly  receive  would  be,  that  they  must  be  true 
JactSy  as  distinguished  from  any  mere  inferences  or  opi- 
nions of  our  own.  We  should  probably  be  told  that  we 
must  be  careful  in  such  a  case  to  consider  as  facts  only 
what  we  really  observe :  that  we  must  assert  only  what 
we  see ;  and  believe  nothing  except  upon  the  testimony 
of  our  senses. 

But  such  maxims  are  &r  from  being  easy  to  apply^  as 
a  little  examination  will  convince  us. 

1.  It  has  been  explained  in  the  preceding  part  of 
this  work  that  all  perception  of  external  objects  and 
occurrences  involves  an  active  as  well  as  a  passive  pro- 
cess of  the  mind ; — includes  not  only  sensations,  but  also 
ideas  by  which  sensations  are  bound  together,  and  have  a 
unity  given  to  them.  From  this  it  follows  that  there  is 
a  difficulty  in  separating  in  our  perceptions  what  we 
receive  from  without,  and  what  we  ourselves  contribute 
£rom  within ; — what  we  perceive,  and  what  we  infer.  In 
many  cases,  this  difficulty  is  obvious  to  all:  as,  for 
example,  when  we  witness  the  performances  of  a  juggler 
or  a  ventriloquist.  In  these  instances  we  imagine  our- 
selves to  see  and  to  hear  what  certainly  we  do  not  see 
and  hear.  Tlie  performer  takes  advantage  of  the  habits 
by  which  our  minds  supply  interruptions  and  infer  con- 
nexions; and  by  giving  us  fallacious  indications,  he  leads 
us  to  perceive  as  an  actual  fact,  what  does  not  happen 
at  all.  In  these  cases  it  is  evident  that  we  ourselves 
assist  in  making  the  fact ;  for  we  make  one  which  does 
not  really  exist.  In  other  cases,  though  the  fact  which 
we  perceive  be  true,  we  can  easily  see  that  a  large  por- 
tion of  the  perception  is  our  own  act ;  as  when  from  the 
sight  of  a  bird  of  prey  we  infer  a  carcass,  or  when  we 
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read  a  half-^bliterated  inBcription.  In  the  latter  case, 
the  mind  supplies  the  meaning,  and  perhaps  half  the 
letters ;  yet  we  do  not  hesitate  to  say  that  we  aotualiy 
read  the  inscription.  Thus,  in  many  oases,  our  own 
inferences  and  interpretations  enter  into  our  facts.  But 
this  happens  in  many  instances  in  which  it  is  at  first 
sight  less  obvious.  When  any  one  has  seen  an  oak<-tree 
blown  down  by  a  strong  gust  of  wind,  he  does  not  think 
of  the  occurrence  any  otherwise  than  as  a  fact  of  which 
he  is  assured  by  bis  senses.  Yet  by  what  sense  does  he 
perceive  the  force  which  he  thus  supposes  the  wind  to 
exert?  By  what  sense  does  he  distinguish  an  oak<-tree 
from  all  other  trees  ?  It  is  clear  upon  reflection,  that  in 
such  a  ease,  his  own  mind  supplies  the  conception  of 
extraneous  impulse  and  pressure,  by  which  he  thus  inter* 
prets  the  motions  observed,  and  the  distinction  of  dif« 
ferent  kinds  of  trees  according  to  which  he  thus  names 
the  one  under  his  notice.  The  idea  of  force,  and  the 
idea  of  definite  resemblances  and  differences,  are  thus 
eombined  vnth  the  impressions  on  our  senses,  and  form 
aa  undistinguished  portion  of  that  which  we  consider  as 
the  fact.  And  it  is  evident  that  we  can  in  no  other  way 
perceive  force,  than  by  seeing  motion ;  and  cannot  give 
a  name  to  any  object  without  not  only  seeing  a  differs 
ence  of  single  objects,  but  supposing  a  difference  of  classes 
of  objects.  When  we  speak  as  if  we  saw  impulse  and 
attraction,  things  and  claases,  we  really  see  only  objects 
of  various  forms  and  colours,  more  or  less  numerous, 
variously  combined.  But  do  we  really  perceive  so  much 
aa  this  ?  When  we  see  the  form,  the  size,  the  number, 
the  motion  of  objects,  are  these  really  mere  impressions 
on  our  senses,  unmodified  by  any  contribution  or  ope- 
ration of  the  mind  itself?  A  very  little  attention  will 
sufiiee  to  convince  us  that  this  is  not  the  case.  When 
we  see  a  windmill  tuniing,  it  may  happen,  as  we  have 
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elsewhere  noticed*,  that  we  mistake  the  direction  in 
which  the  sails  turn  i  when  we  look  at  certain  diagrams, 
they  may  appear  either  convex  or  concave :  when  we  see 
the  moon  first  in  the  horison  and  afterwards  high  up  in  the 
sky,  we  judge  her  to  be  much  larger  in  the  former  than  in 
the  latter  position,  although  to  the  eye  she  subtends  the 
same  angle.  And  in  these  oases  and  the  like,  it  has  beeii 
seen  that  the  error  and  confusion  which  we  thus  incur 
arise  from  the  mixture  of  acts  of  the  mind  itself  with 
impressions  on  the  senses.  But  such  acts  are,  as  we 
have  also  seen,  inseparable  portions  of  the  process  of  per^ 
eeption.  A  certain  activity  of  the  mind  is  involved,  not 
only  in  seeing  objects  erroneously,  but  in  seeing  them 
at  all.  With  regard  to  solid  objects,  this  is  generally 
acknowledged.  When  we  seem  to  see  an  edifice  occu- 
pying space  in  all  dimensions,  we  really  see  only  a  repre^ 
sentation  of  it  as  it  appears  referred  by  perspective  to  a 
surface.  The  inference  of  tlie  solid  form  is  an  operation 
of  our  own,  alike  when  we  look  at  a  reality  and  when  W6' 
look  at  a  picture.  But  we  may  go  further.  Is  plane 
figure  really  a  mere  sensation  ?  If  we  look  at  a  decagon, 
do  we  see  at  once  that  it  has  ten  sides,  or  is  it  not  necea^ 
sary  for  us  to  count  them :  and  is  not  counting  an  act  of 
the  inind?  All  objects  are  seen  in  space;  all  objects  are 
seen  as  one  or  many :  but  are  not  the  idea  of  space  and 
the  idea  of  number  requisite  in  order  that  we  may  thus 
apprehend  what  we  see  ?  That  these  ideas  <^  fi^ace  and 
number  involve  a  connexion  derived  from  the  mind  and 
not  from  the  senses,  appears,  as  we  have  already  seen, 
from  this,  that  those  ideas  afford  us  the  materials  of  uni- 
versally and  necessary  truths :  such  truths  as  the  senses 
cannot  possibly  supply.  And  thus  even  the  perception 
of  such  facts  as  the  size,  shape,  and  number  of  objects, 
cannot  be  said  to  be  impressions  of  sense,  distinct  from 
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all  acts  of  mind,  and  cannot  be  expected  to  be  free  from 
error  on  the  ground  of  their  being  mere  observed  fEu^ts. 

Thus  the  difficulty  which  we  have  been  illustrating, 
of  distinguishing  facts  from  inferences  and  from  interpre- 
tations of  facts,  is  not  only  great,  but  amounts  to  an 
impossibility.  The  separation  at  which  we  aimed  in  the 
outset  of  this  discussion,  and  which  was  supposed  to  be 
necessary  in  order  to  obtain  a  firm  groundwork  for 
science,  is  found  to  be  unattainable.  We  cannot  obtain 
a  sure  basis  of  facts  by  rejecting  all  inferences  and  judg* 
ments  of  our  own,  for  such  inferences  and  judgments 
form  an  unavoidable  element  in  all  facts.  We  cannot 
exclude  our  ideas  from  our  perceptions,  for  our  percep- 
tions involve  our  ideas. 

2.  But  still  it  cannot  be  doubted  that  in  selecting 
the  facts  which  are  to  form  the  foundation  of  science,  we 
must  reduce  them  to  their  most  simple  and  certain  form ; 
and  must  reject  everything  from  which  doubt  or  error 
may  arise.  Now  since  this,  it  appears,  cannot  be  done, 
by  rejecting  the  ideas  which  all  facts  involve,  in  what 
manner  are  we  to  conform  to  the  obvious  maxim  that  the 
facts  which  form  the  basis  of  science  must  be  perfectly 
definite  and  certain  ? 

The  analysis  of  facts  into  Ideas  and  Sensations,  which 
we  have  so  often  referred  to,  suggests  the  answer  to  this 
inquiry.  We  are  not  able,  nor  need  we  endeavour,  to 
exclude  ideas  from  our  facts,  but  we  may  be  able  to  dis- 
cern, with  perfect  distinctness,  the  ideas  which  we  include. 
We  cannot  observe  any  phenomena  without  applying  to 
them  such  ideas  as  space  and  number,  cause  and  resem- 
blance, and  usually  several  others;  but  we  may  avoid 
applying  these  ideaa  in  a  wavering  or  obscure  manner, 
and  confounding  ideas  with  one  another.  We  cannot  read 
any  of  the  inscriptions  which  nature  presents  to  us,  with- 
out interpreting  them  by  means  of  some  language  ^vhieh 
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we  ourselves  are  accustomed  to  speak,  but  we  may  make 
it  our  business  to  acquaint  ourselves  perfectly  with  the 
language  which  we  thus  employ,  and  to  interpret  it 
according  to  the  rigorous  rules  of  grammar  and  analogy. 

This  maxim,  that  when  facts  are  employed  as  the 
basis  of  science,  we  must  distinguish  clearly  the  ideas 
which  they  involve,  and  must  apply  these  in  a  distinct 
and  rigorous  manner,  will  be  found  to  be  a  more  precise 
guide  than  we  might  perhaps  at  first  expect.  We  may 
notice  one  or  two  Rules  which  flow  from  it. 

3.  In  the  first  place,  facts,  when  used  as  the  materials 
of  physical  science,  must  be  referred  to  conceptions  of  the 
intellect  only,  all  emotions  of  fear,  admiration,  and  the 
like,  being  rejected  or  subdued.  Thus  the  observations  of 
phenomena  which  are  related  as  portents  and  prodigies, 
striking  terror  and  boding  evil,  are  of  no  value  for  pur- 
poses of  science.  The  tales  of  armies  seen  warring  in 
the  sky,  the  sound  of  arms  heard  from  the  clouds,  fiery 
dragons,  chariots,  swords  seen  in  the  air,  may  refer  to 
meteorological  phenomena;  but  the  records  of  pheno- 
mena observed  in  the  state  of  mind  which  these  descrip- 
tions imply  can  be  of  no  scientific  value.  We  cannot 
make  the  poets  our  observers. 

Annorum  sonitum  toto  Germania  coelo 
Audiit ;  insolitis  tremuerunt  motibus  Alpes. 
Yox  quoque  per  lucos  vulgo  exaudita  silentes 
iDgens,  et  »imulacra  modis  pallentia  miris 
Visa  sub  obscuram  noctis :  pecudesqne  locni». 

The  mixture  of  fancy  and  emotion  with  the  observation 
of  facts  has  often  disfigured  them  to  an  extent  which 
is  too  familiar  to  all  to  need  illustration.  We  have  an 
example  of  this  result  in  the  mimner  in  which  Comets 
are  described  in  the  treatises  of  the  middle  ages.  In 
such  works,  these  bodies  are  regularly  distributed  into 
several  classes,  accordingly  as  they  assume  the  form  of  a 
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flwotd,  of  a  spear,  of  a  cross,  and  so  on.  When  such 
l^s^mblances  had  become  matters  of  interest,  the  Impres- 
sions of  the  senses  were  governed^  not  by  the  rigorous 
conceptions  of  form  and  colour,  but  by  these  assumed 
images;  and  under  these  circumstances  we  can  attach 
little  value  to  the  statement  of  what  was  seen. 

In  all  such  phenomena,  the  reference  of  the  objects 
to  the  exact  ideas  of  space,  number,  position,  motion,  and 
the  lik^,  is  the  first  step  of  science :  and  accordingly,  this 
reference  was  made  at  an  early  period  in  those  sciences 
which  made  an  early  progress,  as,  for  instance,  astronomy. 
Yet  even  in  astronomy  there  appears  to  have  been  a 
period  when  the  predominant  conceptions  of  men  in 
regarding  the  heavens  and  the  stars  pointed  to  mythical 
story  and  supernatural  influence,  rather  than  to  mere 
relations  of  space,  time,  and  motion :  and  of  this  primeval 
condition  of  those  who  gazed  at  the  stars,  we  seem  to 
have  remnants  in  the  constellations,  in  the  mythological 
names  of  the  planets,  and  in  the  early  prevalence  of  astro-* 
logy.  It  was  only  at  a  later  period,  when  men  had  begun 
to  measure  the  places,  or  at  least  to  count  the  revolutions 
of  the  stars,  that  astronomy  had  its  birth. 

4.  And  thus  we  are  led  to  another  Rule  r^-^that  in 
collecting  facts  which  are  to  be  made  the  basis  of  science, 
the  facts  are  to  be  observed,  as  far  as  possible,  wiih  refers 
ence  to  place,  figure,  number^  motion^  and  the  like  concep- 
tions; which  depending  upon  the  ideas  of  space  and 
time,  are  the  most  universal,  exact,  and  simple  of  our  con- 
MptiotiSi  It  was  by  early  attention  to  these  relations  in 
the  case  of  the  heavenly  bodies,  that  the  ancients  formed 
the  science  of  astrotiotny :  it  was  by  not  making  precise 
observations  of  this  kind  in  the  case  of  terrestrial  bodies, 
that  they  failed  in  framing  a  science  of  the  mechanics  of 
motion.  They  succeeded  in  optics  as  far  as  they  made 
observations  of  this  nature ;  bul  wheh  they  eeased  to 
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trace  the  geometrical  paths  of  rays  in  the  actual  experi- 
menty  they  ceased  to  go  forwards  in  the  knowledge  of 
this  subject 

5.  But  we  may  state  a  farther  Rule : — that  though 
these  relations  of  time  and  space  are  highly  important  in 
almost  all  facts^  we  are  not  to  confine  ourselves  to  these : 
but  are  to  consider  the  phenomena  mth  reference  to 
other  conceptions  also:  it  being  always  understood  that 
these  conceptions  are  to  be  made  as  exact  and  rigorous 
as  those  of  geometry  and  number.  Thus  the  science  of 
Harmonics  arose  from  considering  sounds  with  reference 
to  concords  and  discords ;  the  science  of  Mechanics  arose 
from  iiot  only  observing  motions  as  they  take  place  in 
time  and  space,  but  further,  referring  them  to  force  as 
their  cattse.  And  in  like  manner  other  sciences  depend 
upon  other  Ideas,  which,  as  I  have  endeavoured  to  show, 
ure  not  less  fundamental  than  those  of  time  and  space ; 
and  like  them,  capable  of  leading  to  rigorous  conse* 
quences. 

64  Thus  the  facts  which  we  assume  as  the  basis  of 
science  are  to  be  freed  from  all  the  mists  which  imagina^ 
tion  and  passion  throw  round  them ;  and  to  be  separated 
into  those  elementary  facts  which  exhibit  simple  and 
evident  relations  of  Time,  or  Space,  or  Cause,  or  some 
other  ideas  equally  clear.  We  resolve  the  complex  ap- 
pearances which  nature  offers  to  us,  and  the  mixed  and 
manifold  modes  of  looking  at  these  appearances  which 
rise  in  our  thoughts,  into  limited,  definite,  and  clearly- 
understood  portions.  This  process  we  may  term  the 
Decomposition  of  Facts. .  It  is  the  beginning  of  exact 
knowledge,— the  first  step  in  the  formation  of  all  science. 
This  decomposition  of  facts  into  elementary  facts,  clearly 
understood  and  surely  ascertained,  must  precede  all  dis- 
covery of  the  laws  of  nature. 

7.  Bat  though  this  step  is  necessarji  it  is  not  infiedlibly 
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suflScient.  It  by  no  means  follows  that  when  we  have 
thus  decomposed  facts  into  elementary  truths  of  bbserva* 
tion,  we  shall  soon  be  able  to  combine  these  so  as  to 
obtain  truths  of  a  higher  and  more  speculative  kind.  We 
have  examples  which  show  us  how  far  this  is  from  being 
a  necessary  consequence  of  the  former  step.  Observa- 
tions of  the  weather,  made  and  recorded  for  many  years, 
have  not  led  to  any  general  truths,  forming  a  science  of 
Meteorology :  and  although  great  numerical  precision  has 
been  given  to  such  observations  by  means  of  barometers, 
thermometers,  and  other  instruments,  still  no  general  laws 
regulating  the  cycles  of  change  of  such  phenomena  have 
yet  been  discovered.  In  like  manner  the  faces  of  crys- 
tals, and  the  sides  of  the  polygons  which  these  crystals 
form,  were  counted,  and  thus  numerical  fieicts  were  ob- 
tained, perfectly  true  and  definite,  but  still  of  no  value 
for  purposes  of  science.  And  when  it  was  discovered 
what  element  of  the  form  of  crystals  it  was  important  to 
observe  and  measure,  namely,  the  angle  made  by  two 
faces  with  each  other,  this  discovery  was  a  step  of  a  higher 
order,  and  did  not  belong  to  that  department,  of  mere 
exact  observation  of  manifest  facts,  with  which  we  are 
here  concerned. 

8.  When  the  complex  facts  which  nature  offers  to  us 
are  thus  decomposed  into  simple  facts,  the  decomposition, 
in  general,  leads  to  the  introduction  of  terms  and  phrases, 
more  or  less  technical,  by  which  these  simple  facts  are 
described.  Thus  when  astronomy  was  thus  made  a  science 
of  measurement,  the  things  measured  were  soon  described 
as  hours,  and  days,  and  cydes,  altitude  and  declination, 
phases  and  aspects.  In  the  same  manner  in  music,  the 
concords  had  names  assigned  them,  as  diapente,  diatessaron, 
diapason;  in  studying  optics,  the  rays  of  light  were 
spoken  of  as  having  their  course  altered  by  refleetum  and 
refraction;  and  when  useful  observations  began  to  be 
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made  in  mechanies,  the  obserrers  spoke  of  fwce^  pi^essure^ 
Momentum^  inertia^  and  the  like. 

When  we  take  phenomena  in  which  the  leading  idea 
is  Besemblance,  and  resolve  them  into  precise  component 
facts,  we  obtain  some  kind  of  classification ;  as,  for  in- 
stance, when  we  lay  down  certain  rules  by  which  parti- 
cular trees,  or  particular  animals  are  to  be  known.  This 
is  the  earliest  form  of  natural  history ;  and  the  classifica- 
tion which  it  involves  is  that  which  corresponds,  nearly 
or  exactly,  with  the  usual  names  of  the  objects  thus 
classified. 

9.  Thus  the  first  attempts  to  render  observation  certain 
and  exact,  lead  to  a  decomposition  of  the  obvious  facts 
into  elementary  facts,  connected  by  the  ideas  of  space, 
time,  number,  cause,  likeness,  and  others:  and  into  a  classi- 
fication of  the  simple  facts,  more  or  less  just,  and  marked 
by  names  either  common  or  technical.  Elementary  facts, 
and  individual  objects,  thus  observed  and  classified,  form 
the  materials  of  science ;  and  any  improvement  in  classi- 
fication or  nomenclature,  or  any  discovery  of  a  connexion 
among  the  materials  thus  accumulated,  leads  us  fairly 
within  the  precincts  of  science.  We  must  now,  there- 
fore, consider  the  manner  in  which  science  is  built  up  of 
such  materials ; — the  process  by  which  they  are  brought 
into  their  places,  and  the  texture  of  the  bond  which 
unites  and  cements  them. 


Chapter  IV. 
OF  THE  COLLIGATION  OF  FACTS. 

Facts  such  as  the  last  chapter  speaks  of  are,  by  means 
of  such  conceptions  as  are  described  in  the  preceding 
ehapter>  bound  together  so  as  to  give  rise  to  those  gene- 
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tBl  propositions  of  which  science  consists.  Thus  the  fkcts 
that  the  planets  revolve  about  the  sun  in  certain  periodic 
titned  and  at  (Certain  distances,  are  included  and  connected 
in  Kepler's  law  bj  meanci  of  such  conceptions  as  the 
squares  ofnumberSi  the  cubes  of  distances^  and  the  propor^ 
itonality  of  these  quantities.  Again  the  eltistence  of  this 
proportion  in  the  motions  of  any  two  planets,  forms  a  set 
of  facts  which  may  all  be  combined  by  means  of  the 
Conception  of  a  certain  central  accelerating  forcCt  as  was 
proved  by  Newton.  The  whole  of  our  physical  knowledge 
consists  in  the  establishment  of  such  propositions;  and  in 
All  sueh  oases  fttcts  lire  bound  together  by  the  aid  of  suit- 
able conceptions.  This  part  of  the  formation  of  our 
knowledge  we  have  called  the  CoUigation  of  Facts  s  and 
we  may  apply  this  term  to  every  case  in  which,  by  an  act 
of  the  intellect,  we  establish  a  precise  connexion  among 
the  phenomena  which  are  presented  to  our  senses.  The 
knowledge  of  such  connexions,  accumulated  and  syste-> 
matixed,  is  Science.  On  the  steps  by  which  science  is 
thus  collected  from  phenomena  we  shall  proceed  now  to 
make  a  few  remarks. 

1.  Science  begins  lyith  common  observation  of  facts, 
in  which  we  are  not  conscious  of  any  peculiar  discipline 
or  habit  of  thought  exercised  in  observing.  Thus  the 
common  perceptions  of  the  appearances  and  recurrences 
of  the  celestial  luminaries,  were  the  first  steps  of  astro- 
nomy: the  obvious  cases  in  which  bodies  fall  or  are 
supported  were  the  beginning  of  mechanics ;  the  familiar 
aspects  of  visible  things  were  the  origin  of  optics ;  the 
usual  distinctions  of  well-known  plants  first  gave  rise  to 
botany.  .  Facts  belonging  to  such  parts  of  our  knowledge 
are  noticed  by  us,  and  accumulated  in  our  memories  in 
the  common  course  of  our  habits,  almost  without  our 
being  aware  that  we  are  observing  and  collecting  facts. 
Yet  such  facts  may  lead  to  many  scientific  truths ;  for 
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instance^  In  the  first  stages  of  Astronomy  (as  we  haye  shown 
in  the  Historj)  such  facts  lead  to  Methods  of  Intercalation 
find  Rtiles  of  the  Recurrence  of  Eclipses.  In  succeeding 
Stages  of  science^  more  especial  attention  and  preparation 
on  the  part  of  the  obserter^  and  a  selection  of  certain 
kinds  of  facts,  becomes  necessai*y ;  but  there  is  an  earlj 
period  in  the  progress  of  knowledge  at  which  tnan  is  a 
()bj8ical  philosopher  without  seeking  to  be  so,  or  being 
aware  that  he  is  so. 

2.  But  in  all  stages  of  the  progress,  eren  in  that 
early  one  of  which  we  have  just  spoken,  it  is  necessary, 
in  order  that  the  fkcts  may  be  fit  materials  of  any  know* 
ledge,  that  they  should  be  decomposed  into  elementary 
facts,  and  these  observed  with  precision.  Thus  in  the  first 
infancy  of  astronomy,  the  recurrence  of  phases  of  the 
moonj  of  places  of  the  sun's  rising  and  setting,  of  planets, 
of  eclipses,  was  observed  to  take  place  at  intervals  of  cer- 
tain definite  numbers  of  days  and  in  a  certain  exact  order; 
and  thus  it  was  that  the  observations  became  portions  of 
astronomical  science.  In  other  cases,  although  the  facts 
were  equally  numerous,  and  their  general  aspect  equally 
familiar,  they  led  to  no  science^  because  their  exact  cir^- 
cumstances  were  not  apprehended.  A  vague  and  loose 
mode  of  looking  at  fects  very  easily  observable,  left  men 
for  a  long  time  under  the  belief  that  a  body  ten  times  as 
heavy  as  another  falls  ten  times  as  fast; — ^that  objects 
imnlersed  in  water  are  always  magnified,  without  regard 
to  the  form  of  the  surface ; — that  the  magnet  exerts  an 
irresistible  force  ;-^that  cr3rBtal  is  always  found  associated 
with  lee; — and  the  like.  These  and  many  others  are 
examples  how  blind  and  careless  man  can  be,  even  in 
observation  of  the  plainest  and  commonest  ap})earance8 ; 
and  they  show  us  that  the  mere  faculties  of  perception, 
although  constantly  exercised  upon  innumerable  objects, 
may  long  fail  in  leading  to  any  exact  knowledgid^ 
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3.  If  we  further  inquire  what  was  the  favourable  con- 
dition through  which  some  special  classes  of  facts  were, 
from  the  first,  fitted  to  become  portions  of  science,  we 
shall  find  it  to  have  been  principallj  this; — that  these 
facts  were  considered  with  reference  to  the  ideas  of  time, 
number,  and  space,  which  are  ideas  possessing  peculiar 
definiteness  and  precision ;  so  that  with  regard  to  them 
confusion  and  indistinctness  are  hardly  possible.  The 
interval  from  new  moon  to  new  moon  was  always  a  par- 
ticular number  of  days :  the  sun  in  his  yearly  course  rose 
and  set  near  to  a  known  succession  of  distant  objects : 
the  moon's  path  passed  among  the  stars  in  a  certain  order : 
^-these  are  observations  in  which  mistake  and  obscurity 
are  not  likely  to  occur,  if  the  smallest  degree  of  attention 
is  bestowed  upon  the  task.  To  count  a  number  is, 
from  the  first  opening  of  man's  mental  faculties,  an  ope- 
ration which  no  science  can  render  more  precise.  The 
relations  of  space  are  nearest  to  those  of  number  in 
obvious  and  universal  evidence.  Sciences  depending  upon 
these  ideas  arise  with  the  first  dawn  of  intellectual  civili- 
zation. But  few  of  the  other  ideas  which  man  employs 
in  the  acquisition  of  knowledge  possess  this  clearness  in 
their  common  use.  The  idea  of  resemblance  may  be 
noticed  as  coming  next  to  those  of  space  and  number  in 
original  precision;  and  the  idea  of  cause^  in  a  certain 
more  vague  and  general  mode  of  application,  sufficient 
for  the  purposes  of  common  life,  but  not  for  the  ends  of 
science,  exercises  a  very  extensive  influence  over  men's 
thoughts.  But  the  other  ideas  on  which  science  depends, 
with  the  conceptions  which  arise  out  of  them,  are  not 
unfolded  till  a  much  later  period  of  intellectual  progress ; 
and  therefore,  except  in  such  limited  cases  as  I  have 
noticed,  the  observations  of  common  spectators  and  uncul- 
tivated nations,  however  numerous  or  varied,  are  of  little 
or  no  effect  in  giving  rise  to  science. 
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4.  Let  UB  now  suppose  that,  besides  common  every- 
day perception  of  facts,  we  turn  our  attention  to  some 
other  occurrences  and  appearances,  with  a  design  of  ob- 
taining from  them  speculative  knowledge.  This  process 
is  more  peculiarly  called  observation^  or,  when  we  our- 
selves occasion  the  facts,  experiment  But  the  same  re- 
mark which  we  have  already  made,  still  holds  good  here. 
These  facts  can  be  of  no  value  except  they  are  resolved 
into  those  exact  conceptions  which  contain  the  essential 
circumstances  of  the  case.  They  must  be  determined,  not 
indeed  necessarily,  as  has  sometimes  been  said,  ^'  accord- 
ing to  Number,  Weight,  and  Measure ;"  for,  as  we  have 
endeavoured  to  show  in  the  preceding  Books  *,  there  are 
many  other  conceptions  to  which  phenomena  may  be 
subordinated  quite  different  from  these,  and  yet  not  at 
all  less  definite  and  precise.  But  in  order  that  the  facts 
obtained  by  observation  and  experiment  may  be  capable 
of  being  used  in  furtherance  of  our  v'^xact  and  solid  know- 
ledge, they  must  be  apprehended  and  analysed  according 
to  some  conceptions  which,  applied  for  this  purpose,  give 
distinct  and  definite  results,  such  as  can  be  steadily  taken 
hold  of  and  reasoned  from ;  that  is,  they  must  be  referred 
to  clear  and  appropriate  ideas,  according  to  the  manner 
in  which  we  have  already  explained  this  condition  of  the 
derivation  of  our  knowledge.  The  phenomena  of  light, 
when  they  are  such  as  to  indicate  sides  in  the  ray,  must 
be  referred  to  the  conception  oi  polarization ;  the  pheno- 
mena of  mixture,  when  there  is  an  alteration  of  qualities 
as  well  as  quantities,  must  be  combined  by  a  conception 
of  elementary  composition.  And  thus  when  mere  position, 
and  number,  and  resemblance,  will  no  longer  answer  the 
purpose  of  enabling  us  to  connect  the  facts,  we  call 
in  other  ideas,  in  such  cases  more  efficacious,  though 
less  obvious. 

♦  Books  v.,  Yi.,  vii.,  viii.,  ix.,  r.  ^ 
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5.  But  how  are  we  iu  these  oases  to  diseover  such 
ideas,  and  to  judge  which  will  h^  efilcai^iQus,  in  leading  to 
a  scientific  combipation  of  our  experimental  data  ?    To 
this  question  we  must  in  thp  first  place  answer,  that  the 
first  aud  great  instrunieut  by  whiah  facts,  so  observed 
with  a  view  to  the  fonqatiou  of  exact  knowledge,  are 
combined  into  important  and  permauent  truths,  is  that 
peculiar  sagacity  which  belongs  to  the  genius  of  a  dis- 
coverer;   and  which,   whilfs  it  supplies   those   distinct 
and  appropriate  conceptions  wl^ich  lead  to  its  success, 
i^aunot  be  limited  by  rules,  or  expressed  in  definitions. 
It  would  be  difficult  or  impossible  to  describe  iu  words 
the  habits  of  thought  whiph  led  Archimedes  to  refer  the 
conditions  of  equilibrium  on  the  lever  to  the  conceptiou 
of  pressure,  while  Aristotle  could  not  see  in  them  anything 
more  than  the  nssults  of  the  strangeness  of  the  properties 
of  the  circle ;— op  which  impelled  Pascal  to  explain  by 
means  of  the  conception  of  the  weight  of  air  the  fietct 
which  his  predecessors  had  connected  by  the  notion  of 
nature's  horror  of  a  vacuum ;— ^or  which  caused  Vitellio 
and  Roger  Bacon  to  refer  the  magnifying  power  of  a 
convex  lens  to  the  bending  of  the  rays  of  light  towards 
the  perpendicular  by  refrs^i^tion,  while  others  conceived 
the  effect  to  result  from  the  matter  of  medium,  with  no 
consideration  of  its  form.    These  are  what  are  commonly 
spoken  of  as  felicitous  and  inexplicable  strokes  of  in* 
ventive  talent ;  and  such,  no  doubt,  they  are.     No  rules 
can  ensure  to  us  similar  success  in  new  cases ;  or  can 
enable  men  who  do  not  possess  i^milar  endowments  to 
make  like  advances  in  knowledge. 

0.  Yet  still  we  may  do  something  in  tracing  the 
process  by  which  such  discoveries  are  made ;  and  this  it 
is  here  our  business  to  do.  We  may  observe  that  these, 
and  the  like  discoveries,  are  not  improperly  described  as 
happy  guesses;  and  that  guesses,  iu  these  as  in  other 
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instances,  imply  various  suppositions  made,  of  wbioh  some 
one  turns  out  to  be  the  right  one.  We  may,  in  such  cases, 
conceive  the  discoverer  as  inventing  and  trying  many 
conjectures,  till  he  finds  one  which  answers  the  purpose 
of  combining  the  scattered  facts  into  a  single  rule.  The 
discovery  of  general  truths  from  special  facts  is  performed, 
commonly  at  least,  and  more  commonly  than  at  first  ap- 
pears, by  the  use  of  a  series  of  suppositions,  or  ht/pothe^esj 
which  are  looked  at  in  quick  succession,  and  of  which  the 
one  which  really  leads  to  truth  is  rapidly  detected,  and 
when  caught  sight  of,  firmly  held,  verified,  and  followed 
to  its  consequences.  In  the  minds  of  most  discoverers^ 
this  process  of  invention,  trial,  and  acceptance  or  rejection 
of  the  hypothesis,  goes  on  so  rapidly  that  we  cannot  trace 
it  in  its  successive  steps.  But  in  some  instances  we  can 
do  so ;  and  we  can  also  see  that  the  other  examples  of 
discovery  do  not  differ  essentially  from  these.  The  same 
intellectual  operations  take  place  in  other  cases,  although 
this  often  happens  so  instantaneously  that  we  lose  the 
trace  of  the  progression.  In  the  discoveries  made  by 
Kepler,  we  have  a  curious  and  memorable  eidiibition  of 
this  process  in  its  details.  Thanks  to  his  communicative 
disposition,  we  know  that  he  made  ninete^i  hypotheses 
with  regard  to  the  motion  of  Mars,  and  calculated  the 
results  of  each,  before  he  established  the  true  doctrinoi 
that  the  planet's  path  is  an  ellipse.  We  know,  in  like 
manner,  that  Galileo  made  wrong  su|}po8itions  respecting 
the  laws  of  falling  bodies,  and  Mariotta,  concerning  the 
motion  of  water  in  a  siphon,  before  they  hit  upon  the 
correct  view  of  these  cases. 

7.  But  it  has  very  often  happened  in  the  history  of 
science,  tliat  the  erroneous  hypotheses  which  preceded 
the  discovery  of  the  truth  have  been  made,  not  by  the 
discoverer  himself,  but  by  his  precursors ;  to  whon^  he 
thus  owed  the  service,  often  an  important  one  in  suel) 
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caseSy  of  exhausting  the  most  tempting  forms  of  error. 
Thus  the  various  fruitless  suppositions  by  which  Kepler 
endeavoured  to  discover  the  law  of  refraction,  led  the 
way  to  its  real  detection  by  Snell;  Kepler's  numerous 
imaginations  concerning  the  forces  by  which  the  celestial 
motions  are  produced, — his  **  physical  reasonings  "  as  he 
termed  them, — were  a  natural  prelude  to  the  truer  physi- 
cal reasonings  of  Newton.  The  various  hjrpotheses  by 
which  the  suspension  of  vapour  in  air  had  been  explained, 
and  their  failure,  left  the  field  open  for  Dalton  with  his 
doctrine  of  the  mechanical  mixture  of  gases.  In  most 
cases,  if  we  could  truly  analyse  the  operation  of  the 
thoughts  of  those  who  make,  or  who  endeavour  to  make 
discoveries  in  science,  we  should  find  that  many  more 
suppositions  pass  through  their  minds  than  those  which 
are  expressed  in  words ;  many  a  possible  combination  of 
conceptions  is  formed  and  soon  rejected.  There  is  a  con- 
stant invention  and  activity,  a  perpetual  creating  and 
selecting  power  at  work,  of  which  the  last  results  only 
are  exhibited  to  us.  Trains  of  hypotheses  are  called  up 
and  pass  r&pidly  in  review ;  and  the  judgment  makes  its 
choice  from  the  varied  group. 

8.  It  would,  however,  be  a  great  mistake  to  suppose 
that  the  hypotheses,  among  which  our  choice  thus  lies, 
are  constructed  by  an  enumeration  of  obvious  cases,  or 
by  a  wanton  alteration  of  relations  which  occur  in  some 
first  hypothesis.  It  may,  indeed,  sometimes  happen  that 
the  proposition  which  is  finally  established  is  such  as  may 
be  formed,  by  some  slight  alteration,  from  those  which 
are  justly  rejected.  Thus  Kepler's  elliptical  theory  of 
Mars*s  motions  involved  relations  of  lines  and  angles  much 
of  the  same  nature  as  his  previous  false  suppositions :  and 
the  true  law  of  refraction  so  much  resembles  those  erro- 
neous ones  which  he  tried,  that  we  cannot  help  wondering 
how  he  chanced  to  miss  it.     But  it  more  frequently 


OF  THE  COLLIGATION  OF  FACTS.  209 

happens  that  new  truths  are  brought  into  view  by  the  appli- 
cation of  new  ideas,  not  by  new  modifications  of  old  ones. 
The  cause  of  the  properties  of  the  lever  was  learnt,  not 
by  introducing  any  new  geometrical  combination  of  lines 
and  circles,  but  by  referring  the  properties  to  genuine 
mechanical  conceptions.  Wlien  the  motions  of  the  pla- 
nets were  to  be  explained,  this  was  done,  not  by  merely 
improving  the  previous  notions,  of  cycles  of  time,  but  by 
introducing  the  new  conception  of  epicycles  in  space. 
The  doctrine  of  the  four  simple  elements  was  expelled, 
not  by  forming  any  new  scheme  of  elements  which  should 
impart,  according  to  new  rules,  their  sensible  qualities  to 
their  compounds,  but  by  considering  the  elements  of  bodies 
as  neutralizing  each  other.  Tlie  fringes  of  shadows  could 
not  be  explained  by  ascribing  new  properties  to  the  single 
rays  of  light,  but  were  reduced  to  law  by  referring  them 
to  the  interference  of  several  rays. 

Since  the  true  supposition  is  thus  very  frequently 
something  altogether  diverse  from  all  the  obvious  con- 
jectures and  combinations,  we  see  here  how  far  we  are 
from  being  able  to  reduce  discovery  to  rule,  or  to  give 
any  precepts  by  which  the  want  of  real  invention  and 
sagacity  shall  be  supplied.  We  may  warn  and  encourage 
these  faculties  when  they  exist,  but  we  cannot  create 
them,  or  make  great  discoveries  when  they  are  absent. 

9.  The  conceptions  which  a  true  theory  requires  are 
very  often  clothed  in  a  hypothesis  which  connects  with  them 
several  superfluous  and  irrelevant  circumstances.  Thus 
the  conception  of  the  polarization  of  light  was  originally 
represented  under  the  image  of  particles  of  light  having 
their  poles  all  turned  in  the  same  direction.  The  laws  of 
heat  may  be  made  out  perhaps  most  conveniently  by  con- 
ceiving heat  to  be  a  fluid.  The  attraction  of  gravitation 
might  have  been  successfully  applied  to  the  explanation  of 
facts,  if  Newton  had  throughout  treated  attraction  as  the 
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result  of  an  ether  diffused  through  space ;  a  supposition 
which  he  has  noticed  as  a  possibility.  The  doctrine  of 
definite  and  multiple  proportions  may  be  conveniently 
expressed  by  the  hypothesis  of  atoms.  In  such  cases  the 
hypothesis  may  serre  at  first  to  facilitate  the  introduction 
of  a  new  conception.  Thus  a  pervading  ether  might  for  a 
time  remove  a  difficulty,  which  some  persons  find  consider- 
able»  of  imagining  a  body  to  exert  force  at  a  distance.  A 
particle  with  poles  is  more  easily  conceived  than  polariza- 
tion in  the  abstract.  And  if  hypotheses  thus  employed  will 
really  explain  the  facts  by  means  of  a  few  simple  assump- 
tions^  the  laws  may  afterwards  be  reduced  to  a  simpler 
form  than  that  in  which  they  were  first  suggested.  The 
general  laws  of  heat,  of  attraction,  of  polarization,  of 
multiple  proportions^  are  now  certain,  whatever  image  we 
may  form  to  ourselves  of  their  ultimate  causes. 

10.  In  order,  then,  to  discover  scientific  truths, 
suppositions  consisting  either  of  new  conceptions,  or  of 
new  combinations  of  old  ones,  are  to  be  made,  till  we 
find  one  which  succeeds  in  binding  together  the  fietcts. 
But  how  are  we  to  find  this?  How  is  the  trial  to  be 
made?  What  is  meant  by  success  in  these  cases?  To 
this  we  reply,  that  our  inquiry  must  be,  whether  the 
facts  have  the  same  relation  in  the  hypothesis  which 
they  have  in  reality ; — whether  the  results  of  our  sup- 
positions agree  with  the  phenomena  which  nature  pre- 
sents to  us.  For  this  purpose  we  must  both  carefully 
observe  the  phenomena,  and  steadily  trace  the  conse- 
quences of  our  assumptions,  till  we  can  bring  the  two 
into  comparison.  The  Conceptions  which  our  hypotheses 
involve,  being  derived  from  certain  Fundamental  Ideas, 
afford  a  basis  of  rigorous  reasoning,  as  we  have  shown  in 
the  Books  respecting  those  Ideas.  And  the  results  to 
which  this  reasoning  leads  will  be  susceptible  of  being 
verified  or  contradicted    by  observation  of  the  facts. 
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Thus  the  Epicyclical  Theory  of  the  Moon,  once  assumed, 
determined  what  the  moon's  place  among  the  stars  ought 
to  be  at  any  given  time,  and  could  therefore  be  tested  by 
actually  observing  the  moon's  places.  The  doctrine  that 
musical  strings  of  the  same  length  stretched  with  weights 
of  1,  4,  9,  16,  would  give  the  musical  intervals  of  an 
octave,  a  fifth,  a  fourth,  in  succession,  could  be  put  to  the 
trial  by  any  one  whose  ear  was  capable  of  appreciating 
those  intervals:  and  the  inference  which  follows  from 
this  doctrine  by  numerical  reasoning, — that  there  must  be 
certain  imperfections  in  the  concords  of  every  musical 
scale,-— could  in  like  manner  be  confirmed  by  trying  various 
modes  of  Temperament.  In  like  manner  all  received 
theories  in  science,  up  to  the  present  time,  have  been 
established  by  taking  up  some  supposition,  and  comparing 
it,  directly  or  by  means  of  its  remoter  consequences, 
with  the  facts  it  was  intended  to  embrace.  Its  agree- 
ment, under  certain  cautions  and  conditions,  of  which 
we  may  hereafter  speak,  is  held  to  be  the  evidence  of 
its  truth.  It  answers  its  genuine  purpose,  the  colligation 
of  facts. 

11.  When  we  have,  in  any  subject,  succeeded  in  one 
attempt  of  this  kind,  and  obtained  some  true  bond  of  unity 
by  which  the  phenomena  are  held  together,  the  subject  is 
open  to  further  prosecution ;  which  ulterior  process  may, 
for  the  most  part,  be  conducted  in  a  more  formal  and  tech* 
nical  manner.  The  first  great  outline  of  the  subject  is 
drawn ;  and  the  finishing  of  the  resemblance  of  nature 
demands  a  more  minute  pencilling,  but  perhaps  requires 
less  of  genius  in  the  master.  In  the  pursuance  of  this 
task,  rules  and  precepts  may  be  given,  and  features  and 
leading  circumstances  pointed  out,  of  which  it  may  often 
be  useful  to  the  inquirer  to  be  aware. 

Before  proceeding  further,  I  shall  speak  of  some  cha-* 
racteristic  marks  which  belong  to  such  scientific  processes 
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as  are  now  the  subject  of  our  consideratioiiy  and  wbieh 
may  sometimes  aid  us  in  determining  when  the  task  has 
been  rightly  executed. 


Chapter  V. 

OP  CERTAIN  CHARACTERISTICS  OF  SCIENTIFIC 

INDUCTION. 

1.  The  two  operations  spoken  of  in  the  preceding 
chapters, — the  Explication  of  the  Conceptions  of  our  own 
mindsy  and  the  Colligation  of  observed  Facts  by  the  aid 
of  such  Conceptions, — are,  as  we  have  just  said,  insepa- 
rably connected  with  each  other.  When  united,  and 
employed  in  collecting  knowledge  from  the  phenomena 
which  the  world  presents  to  us,  they  constitute  the  mental 
process  of  Indudiofi ;  which  is  usually  and  justly  spoken 
of  as  the  genuine  source  of  all  our  reed  general  knowledge 
respecting  the  external  world.  And  we  see,  from  the 
preceding  analysis  of  this  process  into  its  two  constitu- 
ents, from  what  origin  it  derives  each  of  its  characters. 
It  is  realj  because  it  arises  from  the  combination  of  real 
facts,  but  it  is  general^  because  it  implies  the  possession 
of  general  ideas.  Without  the  former,  it  would  not  be 
knowledge  of  the  external  world ;  without  the  latter,  it 
would  not  be  knowledge  at  all.  When  Ideas  and  Facts 
are  separated  from  each  other,  the  neglect  of  facts  gives 
rise  to  empty  speculations,  idle  subtleties,  visionary  inven- 
tions, fitlse  opinions  concerning  the  laws  of  phenomena, 
disregard  of  the  true  aspect  of  nature :  while  the  want  of 
ideas  leaves  the  mind  overwhelmed,  bewildered,  and  stu- 
pified  by  particular  sensations,  with  no  means  of  connect- 
ing the  past  with  the  future,  the  absent  \iith  the  present, 
the  example  with  the  rule ;  open  to  the  impression  of  all 
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appearances,  but  capable  of  appropriating  none.  Ideas  are 
the  Farm^  facts  the  Material,  of  our  structure.  Knowledge 
does  not  consist  in  the  empty  mould,  or  in  the  brute 
mass  of  matter,  but  in  the  rightly-moulded  substance. 
Induction  gathers  general  truths  from  particular  facts  ;— 
and  in  her  harvest,  the  com  and  the  reaper,  the  solid  ears 
and  the  binding  band,  are  alike  requisite.  All  our  know- 
ledge of  nature  is  obtained  by  Induction ;  the  term  being 
understood  according  to  the  explanation  we  have  now 
given.  And  our  knowledge  is  then  most  complete,  then 
most  truly  deserves  the  name  of  Science,  when  both  its 
elements  are  most  perfect ; — when  the  Ideas  which  have 
been  concerned  in  its  formation  have,  at  every  step,  been 
clear  and  consistent ; — and  when  they  have,  at  every  step 
also,  been  employed  in  binding  together  real  and  certain 
Facts.  Of  such  Induction  I  have  already  given  so  many 
examples  and  illustrations  in  the  two  preceding  chapters, 
that  I  need  not  now  dwell  further  upon  the  subject. 

2.  Induction  is  familiarly  spoken  of  as  the  process  by 
which  we  collect  a  general  proposition  from  a  number  of 
partictdar  cases:  and  it  appears  to  be  frequently  imagiued 
that  the  general  proposition  results  from  a  mere  juxta- 
position of  the  cases,  or  at  most,  from  merely  conjoining 
and  extending  them.  But  if  we  consider  the  process 
more  closely,  as  exhibited  in  the  cases  lately  spoken  of, 
we  shall  perceive  that  this  is  an  inadequate  account  of 
the  matter.  The  particular  facts  are  not  merely  brought 
together,  but  there  is  a  new  element  added  to  the  combi- 
nation by  the  very  act  of  thought  by  which  they  are  com- 
bined. There  is  a  conception  of  the  mind  introduced  in 
the  general  proposition,  which  did  not  exist  in  any  of  the 
observed  facts.  When  the  Greeks,  after  long  observiug 
the  motions  of  the  planets,  saw  that  these  motions  might 
be  rightly  considered  as  produced  by  the  motion  of  one 
wheel  revolving  in  the  inside  of  another  wheel,  these 
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wheels  were  creations  of  their  minds,  added  to  the  facts 
which  they  perceived  by  sense.  And  even  if  the  wheels 
were  no  longer  supposed  to  be  material,  but  were  reduced 
to  mere  geometrical  spheres  or  circles,  they  were  not 
the  less  products  of  the  mind  alone, — something  addi- 
tional to  the  facts  observed.  The  same  is  the  case  in  all 
other  discoveries.  The  facts  are  known,  but  they  are 
insulated  and  unconnected,  till  the  discoverer  supplies 
from  his  own  stores  a  principle  of  connexion.  The  pearls 
are  there,  but  they  will  not  hang  together  till  some  one 
provides  the  string.  The  distances  and  periods  of  the 
planets  were  all  so  many  separate  facts;  by  Kepler's 
Third  Law  they  are  connected  into  a  single  truth :  but 
the  conceptions  which  this  law  involves  were  supplied  by 
Kepler's  mind,  and  without  these,  the  facts  were  of  no 
avail.  The  planets  described  ellipses  round  the  sun,  in 
the  contemplation  of  others  as  well  as  of  Newton ;  but 
Newton  conceived  the  deflection  from  the  tangent  in 
these  elliptical  motions  in  a  new  light, — as  the  effect  of 
a  central  force  following  a  certain  law ;  and  then  it  was 
that  such  a  force  was  discovered  truly  to  exist. 

Thus*  in  each  inference  made  by  Induction,  there 
is  introduced  some  general  conception,  which  is  given, 
not  by  the  phenomena,  but  by  the  mind.  The  conclu- 
sion is  not  contained  in  the  premises,  but  includes  them 
by  the  introduction  of  a  new  generality.  In  order  to 
obtain  our  inference,  we  travel  beyond  the  cases  which 
we  have  before  us ;  we  consider  them  as  mere  exemplifi- 
cations of  some  ideal  case  in  which  the  relations  are  com- 
plete and  intelligible.  We  take  a  standard,  and  measure 
the  facts  by  it ;  and  this  standard  is  constructed  by  us, 
not  offered  by  Nature.  We  assert,  for  example,  that  a 
body  left  to  itself  will  move  on  with  unaltered  velocity ; 

*  I  repeat  hero  remarks  inade  at  the  end  of  tho  Mechanical  Euclid, 

p.  178. 
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not  because  our  senses  ever  disclosed  to  us  a  body  doing 
this,  but  because  (taking  this  as  our  ideal  case)  we  find 
that  all  actual  cases  are  intelligible  and  explicable  by 
means  of  the  Conception  of  Forces^  causing  change  and 
motion,  and  exerted  by  surrounding  bodies.  In  like 
manner,  we  see  bodies  striking  each  other,  and  thus 
moving  and  stopping,  accelerating  and  retarding  each 
other :  but  in  all  this,  we  do  not  perceive  by  our  senses 
that  abstract  quantity  Momentum^  which  is  always  lost 
by  one  body  as  it  is  gained  by  another.  This  Momentum 
is  a  creation  of  the  mind,  brought  in  among  the  facts,  in 
order  to  convert  their  apparent  confusion  into  order,  their 
seeming  chance  into  certainty,  their  perplexing  variety 
into  simplicity.  This  the  Conception  of  Momentum 
gained  and  lost  does :  and  in  like  manner,  in  any  other 
case  in  which  a  truth  is  established  by  Induction,  some 
Conception  is  introduced,  some  Idea  is  applied,  as  the 
means  of  binding  together  the  facts,  and  thus  producing 
the  iruth. 

3.  Hence  in  every  inference  by  Induction  there  is 
some  Conception  superinduced  upon  the  Facts :  and  we 
may  henceforth  conceive  this  to  be  the  peculiar  import  of 
the  term  Induction.  I  am  not  to  be  understood  as  assert- 
ing that  tlie  term  was  originally  or  anciently  employed 
with  this  notion  of  its  meaning ;  for  the  peculiar  feature 
just  pointed  out  in  Induction  has  generally  been  over- 
looked. This  appears  by  the  accounts  generally  given  of 
Induction.  "  Induction,"  says  Aristotle*,  "  is  when  by 
means  of  one  extreme  term  t  we  infer  the  other  extreme 
term  to  be  true  of  the  middle  term."  Thus,  (to  take 
such  exemplifications  as  belong  to  our  subject,)  from 

*  Afudyt,  Prior. y  lib.  ii.,  c.  23.     Tltpi  r^f  cVaywy^r. 
t  The  syllogism  here  alluded  to  would  be  this  :— 

Mercury,  Venus,  Mare,  describe  ellipses  about  the  Sun ; 

All  Planets  do  what  Mercury,  Venus,  Mars,  do ; 

Therefore  all  Planets  describe  ellipses  about  the  Sun. 
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knowing  that  Mercury,  Venus,  Mars,  describe  ellipses 
about  the  Sun,  we  infer  that  all  Planets  describe  ellipses 
about  the  Sun.     In  making  this  inference  syllogistically, 
we  assume  that  the  evident  proposition,  "  Mercury,  Venus, 
Mars,  do  what  all  Planets  do,"  may  be  taken  conversdy^ 
"  All  Planets  do  what  Mercury,  Venus,  Mars,  do."     But 
we  remark  that,  in  this  passage,  Aristotle  (as  was  natural 
in  his  line  of  discussion)  turns  his  attention  entirely  to 
the  evidence  of  the  inference ;  and  overlooks  a  step  which 
is  of  far  more  importance  to  our  knowledge,  namely,  the 
invefUton  of  the  second  extreme  term.     In  the  above 
instance,   the    particular    luminaries,    Mercury,   Venus, 
Mars,  are  one  logical  cMreme;  the  general  designation 
Planets  is  the  middle  term ;  but  having  these  before  us, 
how  do  we  come  to  think  of  description  of  ellipses^  which  is 
the  other  extreme  of  the  syllogism  ?     When  we  have  once 
invented  this  "  second  extreme  term,"  we  may,  or  may  not, 
be  satisfied  with  the  evidence  of  the  syllogism ;  we  may, 
or  may  not,  be  convinced  that,  so  far  as  this  property 
goes,   the  extremes   are  co-extensive  with   the   middle 
term*;  but  the  statement  of  the  syllogism  is  the  important 
step  in  science.     We  know  how  long  Kepler  laboured, 
how  hard  he  fought,  how  many  devices  he  tried,  before  he 
hit  upon  this  fer;/i,  the  elliptical  motion.     He  rejected,  as 
we  know,many  other  "second  extreme  terms,"  for  example, 
various  combinations  of  epicyclical  constructions,  because 
they  did  not  represent  with  sufficient  accuracy  the  special 
facts  of  observation.     When  he  had  established  his  pro- 
miss,  that  "  Mai's  does  describe  an  ellipse  about  the  Sun," 
he  does  not  hesitate  to  gtiess  at  least  that,  in  this  respect, 
he  might  conveii  the  other  premiss,  and  assert  that  "  All 
the  Planets  do  what  Mars  does."    But  the  main  business 
was,  the  inventing  and  verifying  the  proposition  respect- 

•  El  ov¥  mfrurrpi^i  r A  T  r^  B  koi  firf  vtrfpTtivti  t6  /mVov.— Aristot. 
Ibid. 
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ing  the  ellipse.  The  Invention  of  the  Conception  was  the 
great  step  in  the  discovert/ ;  the  Verification  of  the  Pro- 
position was  the  great  step  in  the  proof  of  the  disco- 
very. If  Logic  consists  in  pointing  ont  the  conditions 
of  proof,  the  Logic  of  Induction  must  consist  in  show- 
ing what  are  the  conditions  of  proof  in  such  inferences 
as  this :  but  this  subject  must  be  pursued  in  the  next 
chapter ;  I  now  speak  principally  of  the  act  of  invention 
which  is  requisite  in  every  inductive  inference. 

4.  Although  in  every  inductive  inference  an  act  of 
invention  is  requisite,  the  act  soon  slips  out  of  notice. 
Although  we  bind  together  facts  by  superinducing  upon 
them  a  new  conception,  this  conception,  once  introduced 
and  applied,  is  looked  upon  as  inseparably  connected  with 
the  facts,  and  necessarily  implied  in  them.  Having  once 
had  the  phenomena  bound  together  in  their  minds  in 
virtue  of  the  conception,  men  can  no  longer  easily  restore 
them  back  to  the  detached  and  incoherent  condition  in 
which  they  were  before  they  were  thus  combined.  The 
pearls  once  strung,  they  seem  to  form  a  chain  by  their 
nature.  Induction  has  given  them  a  unity  which  it  is  so 
far  from  costing  us  an  effort  to  preserve,  that  it  requires 
an  effort  to  imagine  it  dissolved.  For  instance,  we  usually 
represent  to  ourselves  the  earth  as  round,  the  earth  and  the 
planets  as  revolving  about  the  sun,  and  as  drawn  to  the 
sun  by  a  central  force ;  we  can  hardly  understand  how  it 
could  cost  the  Greeks,  and  Copernicus,  and  Newton  so 
much  pains  and  trouble  to  arrive  at  a  view  which  is  to  us 
so  familiar.  These  are  no  longer  to  us  conceptions  caught 
hold  of  and  kept  hold  of  by  a  severe  struggle ;  they  are 
the  simplest  modes  of  conceiving  the  facts:  they  are 
really  facts.  We  are  willing  to  oiv7i  our  obligation  to 
those  discoverers,  but  we  hardly  feel  it :  for  in  what  other 
manner  (we  ask  in  our  thoughts,)  could  we  represent 
the  facts  to  ourselves  ? 
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Thus  we  see  why  it  is  that  this  step  of  which  we 
now  speaky  the  invention  of  a  new  Conception  in  every 
inductive  inferencoi  is  so  generally  overlooked  that  it  has 
hardly  been  noticed  by  preceding  philosophers.  When 
once  performed  by  the  discoverer,  it  takes  a  fixed  and  per* 
manent  place  in  the  understanding  of  every  one.  It  is  a 
thought  which,  once  breathed  forth,  permeates  all  men's 
minds.  All  fancy  they  nearly  or  quite  knew  it  before. 
It  oft  was  thought,  or  almost  thought,  though  never  till 
now  expressed.  Men  accept  it  and  retain  it,  and  know 
it  cannot  be  taken  from  them,  and  look  upon  it  as  their 
own.  They  will  not  and  cannot  part  with  it,  even  though 
they  may  deem  it  trivial  and  obvious.  It  is  a  secret, 
which  once  uttered,  cannot  be  recalled,  even  though  it 
be  despised  by  those  to  whom  it  is  imparted.  As  soon 
as  the  leading  term  of  a  new  theory  has  been  pronounced 
and  understood,  all  the  phenomena  change  their  aspect. 
There  is  a  standard  to  which  we  cannot  help  referring 
them.  We  cannot  fall  back  into  the  helpless  and  bewil- 
dered state  in  which  we  gazed  at  them  when  we  possessed 
no  principle  which  gave  them  unity.  Eclipses  arrive  in 
mysterious  confusion :  the  notion  of  a  Cyde  dispels  the 
mystery.  The  Planets  perform  a  tangled  and  mazy 
dance;  but  Epicycles  reduce  the  maze  to  order.  The 
Epicycles  themselves  run  into  confusion;  the  concep- 
tion of  an  EUipse  makes  all  clear  and  simple.  And  thus 
from  stage  to  stage,  new  elements  of  intelligible  order 
are  introduced.  But  this  intelligible  order  is  so  com- 
pletely adopted  by  the  human  understanding,  as  to  seem 
part  of  its  texture.  Men  ask  whether  Eclipses  follow  a 
Cycle ;  whether  the  Planets  describe  Ellipses ;  and  they 
imagine  that  so  long  as  they  do  not  answer  such  ques- 
tions rashly,  they  take  nothing  for  granted.  They  do 
not  recollect  how  much  they  assume  in  asking  the  ques- 
tion : — ^how  far  the  conceptions  of  Cycles  and  of  Ellipses 
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are  beyond  the  visible  surface  of  the  celestial  phenomena : 
-—how  many  ages  elapsed,  how  much  thought,  how  much 
observation,  were  needed,  before  men's  thoughts  were 
fashioned  into  the  words  which  they  now  so  familiarly 
use.  And  thus  they  treat  the  subject,  as  we  have  seen 
Aristotle  treating  it;  as  if  it  were  a  question,  not  of 
invention,  but  of  proof ;  not  of  substance,  but  of  form : 
as  if  the  main  thing  were  not  what  we  assert,  but  how  we 
assert  it.  But  for  our  purpose  it  is  requisite  to  bear  in 
mind  the  feature  which  we  have  thus  attempted  to  mark ; 
and  to  recollect  that  in  every  inference  by  induction, 
there  is  a  Conception  supplied  by  the  mind  and  superin- 
duced upon  the  Facts. 

5.  In  collecting  scientific  truths  by  Induction  we 
often  find  (as  has  already  been  observed,)  a  Definition 
and  a  Proposition  established  at  the  same  time, — intro- 
duced together  and  mutually  dependent  on  each  other. 
The  combination  of  the  two  constitutes  the  Inductive  act ; 
and  we  may  consider  the  Definition  as  representing  the 
superinduced  Conception,  and  the  Proposition  as  exhibit- 
ing the  Colligation  of  Facts. 

6.  To  discover  a  conception  of  the  mind  which  will 
justly  represent  a  train  of  observed  fiacts  is,  in  some  mea- 
sure, a  process  of  conjecture,  as  I  have  stated  already ; 
and  as  I  then  observed,  the  business  of  conjecture  is 
commonly  conducted  by  calling  up  before  our  minds 
several  suppositions,  and  selecting  that  one  which  most 
agrees  with  what  we  know  of  the  observed  facts.  Hence 
he  who  has  to  discover  the  laws  of  nature  may  have  to 
invent  many  suppositions  before  he  hits  upon  the  right 
one ;  and  among  the  endowments  which  lead  to  his  suc- 
cess, we  must  reckon  that  fertility  of  invention  which 
ministers  to  him  such  imaginary  schemes,  till  at  last  he 
finds  the  one  which  conforms  to  the  true  order  of 
nature.    A  facility  in  devising  hypotheses,  therefore,  is 
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BO  far  from  being  a  fault  in  the  intellectual  character 
of  a  discoverer,  that  it  is,  in  truth,  a  faculty  indispen- 
sable to  his  task.  It  is,  for  his  purposes,  much  better 
that  he  should  be  too  ready  in  contriTing,  too  eager  in 
pursuing  systems  which  promise  to  introduce  law  and 
order  among  a  mass  of  unarranged  facts,  than  that  he 
qhould  be  barren  of  such  inventions  and  hopeless  of  sach 
success.  Accordingly,  as  we  have  already  noticed,  great 
discoverers  have  often  invented  hypotheses  which  would 
not  answer  to  all  the  facts,  as  well  as  those  which  would ; 
and  have  fancied  themselves  to  have  discovered  laws, 
which  a  more  careful  examination  of  the  facts  overturned. 
The  tendencies  of  our  speculative  nature*,  carry- 
ing us  onwards  in  pursuit  of  symmetry  and  rule,  and 
thus  producing  all  true  theories,  perpetually  show 
their  vigour  by  overshooting  the  mark.  They  obtain 
something,  by  aiming  at  much  more.  They  detect  the 
order  and  connexion  which  exist,  by  conceiving  imagi- 
nary relations  of  order  and  connexion  which  have  no 
existence.  Real  discoveries  are  thus  mixed  with  base- 
less assumptions;  profoimd  sagacity  is  combined  with 
fanciful  conjecture ;  not  rarely,  or  in  peculiar  instances, 
but  commonly,  and  in  most  cases ;  probably  in  all,  if 
we  could  read  the  thoughts  of  discoverers  as  we  read 
the  books  of  Kepler.  To  try  wrong  guesses  is,  vrith 
most  persons,  the  only  way  to  hit  upon  right  ones.  The 
character  of  the  true  philosopher  is,  not  that  he  never 
conjectures  hazardously,  but  that  his  conjectures  are 
clearly  conceived,  and  brought  into  rigid  contact  with 
facts.     He  sees  and  compares  distinctly  the  ideas  and 

*  I  here  take  the  liberty  of  characteriasin^  inventive  minds  in  gene- 
ral in  the  same  phraseology  which,  in  the  History  of  Science,  I  have 
employed  in  reference  to  particular  examples.  These  expressions  are 
what  I  have  U8c<l  in  speaking  of  the  discoveries  of  Copernicus. — Hiit, 
huL  ScLy  vol.  i.  p.  373. 
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the  things ; — the  relations  of  liis  notions  to  each  other 
and  to  phenomena.  Under  these  conditions  it  is  not 
only  excusable,  but  necessary  for  him,  to  snatch  at  every 
semblance  of  general  rule, — to  try  all  promising  forms 
of  simplicity  and  symmetry. 

Hence  advances  in  knowledge*  are  not  commonly 
made  without  the  previous  exercise  of  some  boldness  and 
license  in  guessing.  The  discovery  of  new  truths  requires, 
undoubtedly,  minds  careful  and  scrupulous  in  examining 
what  is  suggested ;  but  it  requires,  no  less,  such  as  are 
quick  and  fertile  in  suggesting.  What  is  invention, 
except  the  talent  of  rapidly  calling  before  us  the  many 
possibilities,  and  selecting  the  appropriate  one?  It  is 
true  that  when  we  have  rejected  all  the  inadmissible 
suppositions,  they  are  often  quickly  forgotten ;  and  few 
think  it  necessary  to  dwell  on  these  discarded  hypo* 
theses,  and  on  the  process  by  which  they  were  con- 
demned. But  all  who  discover  truths  must  have  reasoned 
upon  many  errors  to  obtain  each  truth ;  every  accepted 
doctrine  must  have  been  one  chosen  out  of  many  candi- 
dates. If  many  of  the  guesses  of  philosophers  of  bygone 
times  now  appear  fanciful  and  absurd  because  time  and 
observation  have  refuted  them,  others,  which  were  at  the 
time  equally  gratuitous,  have  been  confirmed  in  a  manner 
which  makes  *them  appear  marvellously  sagacious.  To 
form  hypotheses,  and  then  to  employ  much  labour  and 
skill  in  refuting,  if  they  do  not  succeed  in  establishing 
them,  is  a  part  of  the  usual  process  of  inventive  minds. 
Such  a  proceeding  belongs  to  the  rule  of  the  genius  of 
discovery,  rather  than  (as  has  often  been  taught  in  modern 
times)  to  the  CiVceptian. 
.    7.  But  if  it  be  an  advantage  for  the  discoverer  of 

*  These  observations  are  made  on  occasion  of  Kepler's  speculations, 
and  are  illustrated  by  reference  to  his  discoveries. — Hht.  Ind,  /SW., 
vol.  i.  p.  411—414. 
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truth  that  he  be  ingenious  and  fertile  in  inventing  hypo- 
theses which  may  connect  the  phenomena  of  nature,  it  is 
indispensably  requisite  that  he  be  diligent  and  careful  in 
comparing  his  hypotheses  with  the  facts,  and  ready  to 
abandon  his  invention  as  soon  as  it  appears  that  it  does 
not  agree  with  the  course  of  actual  occurrences.  This 
constant  comparison  of  his  own  conceptions  and  suppo* 
sition  with  observed  facts  under  all  aspects,  forms  the 
leading  employment  of  the  discoverer:  this  candid  and 
simple  love  of  truth,  which  makes  him  willing  to  sup- 
press the  most  favourite  production  of  his  own  ingenuity 
as  soon  as  it  appears  to  be  at  variance  with  realities, 
constitutes  the  first  characteristic  of  his  temper.  He 
must  have  neither  the  blindness  which  cannot,  nor  the 
obstinacy  which  will  not,  perceive  the  discrepancy  of  his 
£Buicies  and  his  facts.  He  must  allow  no  indolence,  or 
partial  views,  or  self-complacency,  or  delight  in  seeming 
demonstration,  to  make  him  tenacious  of  the  schemes 
which  he  devises,  any  further  than  they  are  confirmed  by 
their  accordance  with  nature.  The  framing  of  hypothe- 
ses is,  for  the  inquirer  after  truth,  not  the  end,  but  the 
beginning  of  his  work.  Emsh  of  his  systems  is  invented, 
not  that  he  may  admire  it  and  follow  it  into  all  its  con- 
sistent consequences,  but  that  he  may  make  it  the  occa- 
sion of  a  course  of  active  experiment  and  observation. 
And  if  the  results  of  this  process  contradict  his  funda- 
mental assumptions,  however  ingenious,  however  symme- 
trical, however  elegant  his  system  may  be,  he  rejects  it 
without  hesitation.  He  allows  no  natural  yearning  for 
the  offispring  of  his  own  mind  to  draw  him  aside  from 
the  higher  duty  of  loyalty  to  his  sovereign.  Truth:  to 
her  he  not  only  gives  his  affections  and  his  wishes,  but 
strenuous  labour  and  scrupulous  minuteness  of  attention. 
We  may  refer  to  what  we  have  said  of  Kepler,  New- 
ton, and  other  eminent  philosophers,  for  illustrations  of 
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this  character.      In   Kepler  we  have  remarked*   the 
courage  and  perseverance  with  which  he  undertook  and 
executed  the  task  of  computing  his  own  hypotheses: 
and»  as  a  still  more  admirable  characteristic,  that  he  never 
allowed  the  labour  he  had  spent  upon  any  conjecture  to 
produce  any  reluctance  in  abandoning  the  hjrpothesiSi  as 
soon  as  he  had  evidence  of  its  inaccuracy.     And  in  the 
history  of  Newton's  discovery  that  the  moon  is  retained 
in  her  orbit  by  the  force  of  gravity,  we  have  noticed  the 
same  moderation  in  maintaining  the  hypothesis,  after  it 
had  once  occurred  to  the  author's  mind.    The  hypothesis 
required  that  the  moon  should  fall  from  the  tangent  of 
her  orbit  every  second  through  a  space  of  sixteen  feet ; 
but  according  to  his  first  calculations  it  appeared  that  in 
£Mt  she  only  fell  through  a  space  of  thirteen  feet  in  that 
time.     The  difference  seems   small,  the   approximation 
encouraging,  the  theory  plausible ;  a  man  in  love  with 
his  own  fancies  would  readily  have  discovered  or  invented 
some  probable  cause  of  the  difference.     But   Newton 
acquiesced  in  it  as  a  disproof  of  his  conjecture,  and  **  laid 
aside  at  that  time  any  further  thoughts  of  this  matter  f." 
8.  It  has  often  happened  that  those  who  have  under- 
taken to  instruct  mankind  have  not  possessed  this  pure 
love  of  truth  and  comparative  indifference  to  the  main- 
tenance of  their  own  inventions.     Men  have  frequently 
adhered  with  great  tenacity  and  vehemence  to  the  hypo- 
theses which  they  have  once  framed ;  and  in  their  affec- 
tion for  these,  have  been  prone  to  overlook,  to  distort, 
and  to  misinterpret  facts.     In  this  manner  hjrpotheses 
have  so  often  been  prejudicial  to  the  genuine  pursuit  of 
truth,  that  they  have  fallen  into  a  kind  of  obloquy ;  and 
have  been  considered  as  dangerous  temptations  and  fal- 
lacious guides.     Many  warnings  have  been  uttered  against 
the  fabrication  of  hypotheses  by  those  who  profess  to 

♦  Bitt.  Ind.  «W.,  1.,  414.  t  lb.,  if.,  IW. 
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teach  philosophy ;  many  disclaimers  of  such  a  course  by 
those  who  cultivate  science. 

Thus  we  shall  find  Bacon  frequently  discommending 
this  habit,  imder  the  name  of  '*  anticipation  of  the  mind," 
and  Newton  thinks  it  necessary  to  say  emphatically 
**  h3rpotheses  non  fingo."  It  has  been  constantly  urged 
that  the  inductions  by  which  sciences  are  formed  must 
be  cautious  and  rigorotis;  and  the  various  imaginations 
which  passed  through  Kepler's  braiu,  and  to  which  he 
has  given  utterance,  have  been  blamed  or  pitied  as  la- 
mentable instances  of  an  unphilosophicAl  frame  of  mind. 
Yet  it  has  appeared  in  the  preceding  remarks  that  hypo- 
theses rightly  used  are  among  the  helps,  far  more  than 
the  dangers,  of  science ; — that  scientific  induction  is  not 
a  "cautious"  or  a  "rigorous"  process  in  the  sense  of 
abstaining  from  such  suppositions,  but  in  not  adhering  to 
them  till  they  are  confirmed  by  fact,  and  in  carefully 
seeking  from  facts  confirmation  or  refutation.  Kepler's 
character  was,  not  that  he  was  peculiarly  given  to  the 
construction  of  h3rpotheseSy  but  that  he  narrated  with 
extraordinary  copiousness  and  candour  the  coui*se  of  his 
thoughts,  his  labours,  and  his  feelings.  In  the  miuds  of 
most  persons,  as  we  have  said,  the  inadmissible  supposi- 
tions, when  rejected,  are  soon  forgotten :  and  thus  the 
trace  of  them  vanishes  from  the  thoughts,  and  the  suc- 
cessful hypothesis  alone  holds  its  place  in  our  memory. 
But  in  reality,  many  other  transient  suppositions  must 
have  been  made  by  all  discoverers; — hypotheses  which 
are  not  afterwards  asserted  as  true  systems,  but  enter- 
tained for  an  instant ; — "  tentative  hypotheses,"  as  they 
have  been  called.  Each  of  these  hypotheses  is  followed 
by  its  corresponding  train  of  observations,  from  which  it 
derives  its  power  of  leading  to  truth.  The  hypothesis  is 
like  the  captain,  and  the  observations  like  the  soldiers  of 
an  army :  while  he  appears  to  command  them,  and  in  this 
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way  to  work  his  own  will,  he  does  in  fact  derive  all  his 
power  of  conquest  from  their  obedience,  and  beccHoies 
helpless  and  useless  if  thej  mutiny. 

Since  the  discoverer  has  thus  constantly  to  work 
his  way  onwards  by  means  of  hypotheses,  false  and  true, 
it  is  highly  important  for  him  to  possess  talents  and 
means  for  rapidly  testing  each  supposition  as  it  offers 
itself.  In  this  as  in  other  parts  of  the  work  of  discovery, 
success  has  in  general  been  mainly  owing  to  the  native 
ingenuity  and  sagacity  of  the  discoverer's  mind.  Yet 
some  rules  tending  to  further  this  object  have  been 
delivered  by  eminent  philosophers,  and  some  others  may 
perhaps  be  suggested.  Of  these  we  shall  here  notice 
only  some  of  the  most  general,  leaving  for  a  future  chap- 
ter the  consideration  of  some  more  limited  and  detailed 
processes  by  which,  in  certain  cases,  the  discovery  of  the 
laws  of  nature  may  be  materially  assisted. 

9.  A  maxim  which  it  may  be  useful  to  recollect 
is  this; — that  hypotheses  may  often  be  of  service  to 
science,  when  they  involve  a  certain  portion  of  incom- 
pleteness, and  even  of  error.  The  object  of  such  inven- 
tions is  to  bind  together  facts  which  without  them  are 
loose  and  detached ;  and  if  they  do  this,  they  may  lead 
the  way  to  a  perception  of  the  true  rule  by  which  the 
phenomena  are  associated  together,  even  if  they  them- 
selves somewhat  misstate  the  matter.  The  imagined 
arrangement  enables  us  to  contemplate  as  a  whole  a  col- 
lection of  special  cases  which  perplex  and  overload  our 
minds  when  they  are  considered  in  succession ;  and  if 
our  scheme  has  so  much  of  truth  in  it  as  to  conj6in  what 
is  really  connected,  we  may  afterwards  duly  correct  or  limit 
the  mechanism  of  this  connexion.  If  our  hypothesis 
renders  a  reason  for  the  agreement  of  cases  really  similar, 
we  may  afterwards  find  this  reason  to  be  false,  but  we 
shall  be  able  to  translate  it  into  the  language  of  truth. 

VOL.  II.  Q 
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A  conspicuous  example  of  such  an  hypothesis,  one 
which  was  of  the  highest  value  to  science,  though  very 
incomplete,  and  as  a  representation  of  nature  altogether 
iklse,  is  seen  in  the  doctrine  of  epicycles  by  which  the 
ancient  astronomers  explained  the  motions  of  the  sun, 
moon,  and  planets.  This  doctrine  connected  the  places 
and  velocities  of  these  bodies  at  particular  times  in  a 
manner  which  was,  in  its  general  features,  agreeable  to 
nature.  Yet  this  doctrine  was  erroneous  in  its  assertion 
of  the  circular  nature  of  all  the  celestial  motions,  and  in 
making  the  heavenly  bodies  revolve  round  tho  earth.  It 
was,  however,  of  immense  value  to  the  progress  of  astro* 
nomical  science;  for  it  enabled  men  to  express  and 
reason  upon  many  important  truths  which  they  discovered 
respecting  the  motion  of  the  stars,  up  to  the  time  of 
Kepler.  Indeed  we  can  hardly  imagine  that  astronomy 
could,  in  its  outset,  have  made  so  great  a  progress  under 
any  other  form,  as  it  did  in  consequence  of  being  cul- 
tivated in  this  shape  of  the  incomplete  and  false  epicy- 
olical  hypothesis. 

We  may  notice  another  instance  of  an  exploded  hjrpo* 
thesis,  which  is  generally  mentioned  only  to  be  ridiculed, 
and  which  undoubtedly  is  both  false  in  the  extent  of  its 
assertion,  and  unphilosophical  in  its  expression;  but 
which  still,  in  its  day,  was  not  without  merit.  I  mean 
the  doctrine  of  Natures  horror  of  a  vacuum  {fuga  vacui^) 
by  which  the  action  of  siphons  and  pumps  and  many 
other  phenomena  were  explained,  till  Mersenne  and  Pas- 
cal taught  a  truer  doctrine.  This  hypothesis  was  of  real 
service ;  for  it  brought  together  many  facts  which  really 
belong  to  the  same  class,  although  they  are  very  different 
in  their  first  aspect.  A  scientific  writer  of  modem  times* 
appears  to  wonder  that  men  did  not  at  once  divine  the 
weight  of  the  air  from  which  the  phenomena  formerly 

*  Deluc,  ModificaHom  de  FAtmotphere,  partie  i. 
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ascribed  to  the  fuga  vacut  really  result.  ^<  Loaded,  com- 
pressed by  the  atmosphere,"  he  says,  "they  did  not  recog* 
nize  its  action.  In  vain  all  nature  testified  that  air  was 
elastic  and  heavy ;  they  shut  their  eyes  to  her  testimony; 
The  water  rose  in  pumps  and  flowed  in  siphons  at  that 
time  as  it  does  at  this  day.  They  could  not  separate  the 
boards  of  a  pair  of  bellows  of  which  the  holes  were 
stopped;  and  they  could  not  bring  together  the  same 
boards  without  difficulty  if  they  were  at  first  separated* 
Infonts  sucked  the  milk  of  their  mothers;  air  entered 
rapidly  into  the  lungs  of  animals  at  every  inspiration ; 
cupping-glasses  '^produced  tumours  on  the  skin ;  and  in 
spite  of  all  these  striking  proofs  of  the  weight  and  elas* 
ticity  of  the  air,  the  ancient  philosophers  maintained 
resolutely  that  air  was  light,  and  explained  all  these 
phenomena  by  the  horror  which  they  said  nature  had  for 
a  vacuum."  It  is  curious  that  it  should  not  have  occurred 
to  the  author  while  writing  this,  that  if  these  facts,  so 
numerous  and  various,  can  all  be  accounted  for  by  one 
principle,  there  is  a  strong  presumption  that  the  principle 
is  not  altogether  baseless.  And  in  reality  is  it  not  true 
that  nature  does  abhor  a  vacuum,  and  do  all  she  can  to 
avoid  it?  No  doubt  this  power  is  not  unlimited;  and 
we  can  trace  it  to  a  mechanical  cause,  the  pressure  of  the 
circumambient  air.  But  the  tendency,  arising  from  this 
pressure,  which  the  bodies  surroimding  a  space  void  of 
air  have  to  rush  into  it,  may  be  expressed,  in  no  extra- 
vagant or  unintelligible  manner,  by  saying  that  nature 
has  a  repugnance  to  a  vacuum. 

That  imperfect  and  false  hypotheses,  though  they 
may  thus  explain  some  phenomena,  and  may  be  useful  in 
the  progress  of  science,  cannot  explain  all  phenomena ; 
— and  that  we  are  never  to  rest  in  our  labours  or  acqui- 
esce in  our  results,  till  we  have  found  some  view  of  the 
subject  which  is  consistent  with  all  the  observed  facts  :— 

Q2 
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vriM  of  coarse  be  understood.     We  shall  afterwards  have 
to  speak  of  the  other  steps  of  such  a  progress. 

10.  The  hypotheses  which  we  accept  ought  to  explain 
phenomena  which  we  have  observed.  But  thej  ought  to 
do  more  than  this :  they  ought  to  foretel  phenomena 
which  have  not  yet  been  observed ; — at  least  all  of  the 
itme  kind  as  those  which  the  hjrpothesis  was  invented  to 
explain.  For  our  assent  to  the  hypothesis  implies  that 
it  is  held  to  be  true  of  all  particular  instances.  That 
these  cases  belong  to  past  or  to  future  times,  that  they 
have  or  have  not  already  occurred,  makes  no  difierence 
in  the  applicability  of  the  rule  to  them.  Because  the 
rule  prevails,  it  includes  all  cases ;  and  will  determine 
them  all,  if  we  can  only  calculate  its  real  consequences. 
Hence  it  will  predict  the  results  of  new  combinations,  as 
well  as  explain  the  appearances  which  have  occurred  in 
old  ones.  And  that  it  does  this  with  certainty  and  cor- 
rectness, is  one  mode  in  which  the  hypothesis  is  to  be 
verified  as  right  and  useful. 

The  scientific  doctrines  which  have  at  various  periods 
been  established  have  been  verified  in  this  manner.  For 
example,  the  Epicyclical  Theory  of  the  heavens  was  con- 
firmed by  its  predicting  truly  eclipses  of  the  sun  and 
moon,  configurations  of  the  planets,  and  other  celestial 
phenomena;  and  by  its  leading  to  the  construction  of 
Tables  by  which  the  places  of  the  heavenly  bodies  were 
^ven  at  every  moment  of  time.  The  truth  and  accuracy 
of  these  predictions  were  a  proof  that  the  hypothesis  was 
valuable  and,  at  least  to  a  great  extent,  true ;  although, 
as  was  afterwards  found,  it  involved  a  false  representation 
of  the  structure  of  the  heavens.  In  like  manner,  the 
discovery  of  the  Laws  of  Refraction  enabled  mathema- 
ticians to  predicty  by  calculation,  what  would  be  tlie 
effect  of  any  new  form  or  combination  of  transparent 
lenses-     Newton's  hypothesis  of  Fits  of  Easy  Transmis- 
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sion  and  Easy  Reflection  in  the  particles  of  lights  although 
not  confirmed  by  other  kinds  of  facts,  involved  a  true 
statement  of  the  law  of  the  phenomena  which  it  was 
framed  to  include  and  served  to  predict  the  forms  and 
colours  of  thin  plates  for  a  wide  range  of  given  cases. 
The  hjrpothesis  that  Light  operates  by  Undulations  and 
Interferences,  afforded  the  means  of  predicting  results 
under  a  still  larger  extent  of  conditions.  In  like  manner 
in  the  progress  of  chemical  knowledge,  the  doctrine  of 
Phlogiston  supplied  the  means  of  fo7*eseeing  the  conse- 
quence of  many  combinations  of  elements,  even  before 
they  were  tried ;  but  the  Oxygen  Theory,  besides  afford- 
ing predictions,  at  least  equally  exact,  with  regard  to  thfe 
general  results  of  chemical  operations,  included  all  the 
facts  concerning  the  relations  of  weight  of  the  elements 
and  their  compounds,  and  enabled  chemists  to  foresee 
such  facts  in  untried  cases.  And  the  Theory  of  Electro- 
magnetic Forces,  as  soon  as  it  was  rightly  understood, 
enabled  those  who  had  mastered  it  to  predict  motions 
such  as  had  not  been  before  observed,  which  were  accord- 
ingly found  to  take  place. 

Men  cannot  help  believing  that  the  laws  laid  down  by 
discoverers  must  be  in  a  great  measure  identical  with  the 
real  laws  of  nature,  when  the  discoverers  thus  determine 
effects  beforehand  in  the  same  manner  in  which  nature 
herself  determines  them  when  the  occasion  occurs.  Those 
who  can  do  this,  must,  to  a  considerable  extent,  have  de- 
tected nature's  secret ; — must  have  fixed  upon  the  condi- 
tions to  which  she  attends,  and  must  have  seized  the  rules 
by  which  she  applies  them.  Such  a  coincidence  of  untried 
fects  with  speculative  assertions  cannot  be  the  work  of 
chance,  but  implies  some  large  portion  of  truth  in  the 
principle?  on  which  the  reasoning  is  founded.  To  trace 
order  and  law  in  that  which  has  been  observed,  may  be 
considered  as  interpreting  what  nature  has  written  down 
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for  US9  and  will  commonlj  prove  that  we  understand  her 
alphabet.  But  to  predict  what  has  not  been  observed,  is 
to  attempt  ourselves  to  use  the  legislative  phrases  of 
nature ;  and  when  she  responds  plainly  and  precisely  to 
that  which  we  thus  utter,  we  cannot  but  suppose  that  we 
have  in  a  great  measure  made  ourselves  masters  of  the 
meaning  and  structure  of  her  language.  The  prediction 
of  results,  even  of  the  same  kind  as  those  which  have 
been  observed,  in  new  cases,  is  a  proof  of  real  success  in 
our  inductive  processes. 

11.  We  have  here  spoken  of  the  prediction  of  facts 
of  the  same  kind  as  those  from  which  our  rule  was  col- 
lected. But  the  evidence  in  favour  of  our  induction  is 
of  a  much  higher  and  more  forcible  character  when  it 
enables  us  to  explain  and  determine  cases  of  a  kind 
different  from  those  which  were  contemplated  in  the 
formation  of  our  hypothesis.  The  instances  in  which 
this  has  occurred,  indeed,  impress  us  with  a  conviction 
that  the  truth  of  our  hypothesis  is  certain.  No  accident 
could  give  rise  to  such  an  extraordinary  coincidence.  No 
false  supposition  could,  after  being  adjusted  to  one  class 
of  phenomena,  so  exactly  represent  a  different  class,  when 
the  agreement  was  unforeseen  and  uncontemplated.  Tliat 
rules  springing  from  remote  and  unconnected  quarters 
should  thus  leap  to  the  same  point,  can  only  arise  from 
thai  being  the  point  where  truth  resides. 

Accordingly  the  cases  in  which  inductions  from  classes 
of  facts  altogether  different  have  thus  jumped  togeihei\ 
belong  only  to  the  best  established  theories  which  the 
history  of  science  contains.  And  as  I  shall  have  occasion 
to  refer  to  this  peculiar  feature  in  their  evidence,  I  will 
take  the  liberty  of  describing  it  by  a  particular  phrase ; 
and  will  term  it  the  Consilience  of  Inductions. 

It  is  exemplified  principally  in  some  of  the  greatest 
discoveries.     Thus  it  was  found  by  Newton  that  the 
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doctrine  of  the  attraction  of  the  sun  varying  according  to 
the  inverse  square  of  this  distance,  which  explained 
Kepler's  third  law  of  the  proportionality  of  the  cubes  of 
the  distances  to  the  squares  of  the  periodic  times  of  the 
planets,  explained  also  his  first  and  second  laws  of  the 
elliptical  motion  of  each  planet ;  although  no  connexion 
of  these  laws  had  been  visible  before.  Again,  it  appeai'ed 
that  the  force  of  universal  gravitation,  which  had  been 
inferred  from  the  perturbations  of  tlie  moon  and  planets 
by  the  sun  and  by  each  other,  also  accounted  for  the  &ct» 
apparently  altogether  dissimilar  and  remote,  of  the  pre^ 
cession  of  the  equino*ves.  Here  was  a  most  striking  and 
surprising  coincidence,  which  gave  to  the  theory  a  stamp 
of  truth  beyond  the  power  of  ingenuity  to  counterfeit. 
In  like  manner  in  optics ;  the  hypothesis  of  alternate  fits 
of  easy  transmission  and  reflection  would  explain  the 
colours  of  thin  plates,  and  indeed  was  devised  and  ad- 
justed for  that  very  purpose ;  but  it  could  give  no  account 
of  the  phenomena  of  the  fringes  of  shadows.  But  the 
doctrine  of  interferences,  constructed  at  first  with  refer- 
ence to  phenomena  of  the  nature  of  the  fringes^  explained 
also  the  colours  of  tltin  plates  better  than  the  supposition 
of  the  fits  invented  for  that  very  purpose.  And  we  have 
in  physical  optics  another  example  of  the  same  kind, 
which  is  quite  as  striking  as  the  explanation  of  precession 
by  inferences  from  the  facts  of  perturbation.  The  doc- 
trine of  undulations  propagated  in  a  spheroidal  form  was 
contrived  at  first  by  Huyghens,  with  a  view  to  explain 
the  laws  of  double  refraction  in  calc-spar ;  and  was  pur- 
sued with  the  same  view  by  Fresnel.  But  in  the  course 
of  the  investigation  it  appeared,  in  a  iQOst  unexpected 
and  wonderful  manner,  that  this  same  doctrine  of  sphe- 
roidal undulations,  when  it  was  so  modified  as  to  account 
for  the  directions  of  the  two  refracted  rays,  accounted 
also  for  the  positions  of  their  planes  of  polarization^ ;   a 

♦  Hist.  Ind.  Sei,  ii.  420. 
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phenomenon  which,  taken  by  itself,   it   had   perplexed 
previous  mathematicians,  even  to  represent. 

The  theory  of  universal  gravitation,  and  of  the  undu- 
latory  theory  of  light,  are,  indeed,  full  of  examples  of 
this  Consilience  of  Inductions.  With  regard  to  the  latter, 
it  has  been  justly  asserted  by  Herschel,  that  the  history 
of  the  undulatory  theory  was  a  succession  of  felicities*. 
And  it  is  precisely  the  unexpected  coincidences  of  results 
drawn  from  distant  parts  of  the  subject  which  are  pro- 
perly thus  described.  Thus  the  laws  of  the  modification 
of  polarization  to  which  Fresnel  was  led  by  his  general 
views,  accounted  for  the  rule  respecting  the  angle  at 
which  light  is  polarized^  discovered  by  Brewsterf .  The 
conceptions  of  the  theory  ])ointed  out  peculiar  modifica- 
tions of  the  phenomena  when  Ncwton^s  rings  were  pro- 
duced by  polarized  light,  which  were  ascei*tained  to  take 
place  in  fact,  by  Arago  and  Airyf.  When  the  beautiful 
phenomena  of  dipoUmzed  light  were  discovered  by  Arago 
and  Biot,  Young  was  \able  to  declare  that  they  were 
reducible  to  the  general  laws  of  interference  which  he 
had  already  established  j.  And  what  was  no  less  striking 
a  confirmation  of  the  truth  of  the  theory,  measures  of  the 
same  element  deduced  from  various  classes  of  fects  were 
found  to  coincide.  Thus  the  length  of  a  luminiferous 
undulation,  calculated  by  Young  from  the  measurement 
of  fringes  of  shadows,  was  found  to  agree  very  nearly  \iith 
the  previous  calculation  from  the  colours  of  thin  phtes\\. 

No  example  can  be  pointed  out,  in  the  whole  history 
of  science,  so  far  as  I  am  aware,  in  which  this  Consilience 
of  Inductions  has  given  testimony  in  favour  of  an  hypo- 

• 

thesis  afterwards  discovered  to  be  false.  If  we  take  one 
class  of  facts  only,  knowing  the  law  which  they  follow, 
we  may  construct  an  hypotheses,  or  perhaps  several, 
which  may  represent  them :  and  as  new  circumstances  are 

♦  See  HiH.  Ind.  Sci.,  ii.  435.  +  lb.,  423. 
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discovered,  we  may  often  adjust  the  hypothesis  so  as  to 
correspond  to  these  also.  But  when  the  hypothesis,  of 
itself  and  without  adjustment  for  the  purpose,  gives 
us  the  rule  and  reason  of  a  class  of  facts  not  contem- 
plated in  its  construction,  we  have  a  criterion  of  its 
reality,  which  has  never  yet  been  produced  in  favour  of 
falsehood. 

12.  In  the  preceding  section  I  have  spoken  of  the 
hypothesis  with  which  we  compare  our  facts  as  being 
framed  all  at  oncCy  each  of  its  parts  being  included*  in 
the  original  scheme.  In  reality,  however,  it  often  happens 
that  the  various  suppositions  which  our  system  contains 
are  added  upon  occasion  of  different  researches.  Thus  in 
the  Ptolemaic  doctrine  of  the  heavens,  new  epicycles  and 
eccentrics  were  added  as  new  inequalities  of  the  motions 
of  the  heavenly  bodies  were  discovered ;  and  in  the 
Newtonian  doctrine  of  material  rays  of  light,  the  suppo- 
sition that  these  rays  had  "fits,"  was  added  to  explain 
the  colours  of  thin  plates ;  and  the  supposition  that  they 
had  ''sides"  was  introduced  on  occasion  of  the  pheno- 
mena of  polarization.  In  like  manner  other  theories  have 
been  built  up  of  parts  devised  at  different  times. 

This  being  the  mode  in  which  theories  are  often 
framed,  we  have  to  notice  a  distinction  which  is  found  to 
prevail  in  the  progress  of  true  and  of  false  theories.  In 
the  former  class  all  the  additional  suppositions  tend  to 
simplicity  and  harmony;  the  new  suppositions  resolve 
themselves  into  the  old  ones,  or  at  least  reijuire  only 
some  easy  modification  of  the  hypothesis  first  assumed : 
the  system  becomes  more  coherent  as  it  is  further  ex- 
tended. The  elements  M'hich  we  require  for  explaining 
a  new  class  of  facts  are  already  contained  in  our  system. 
Different  members  of  the  theory  run  together,  and  we 
have  thus  a  constant  convergence  to  unity.  In  false 
theories,  the  contrary  is  the  case.     The  new  suppositions 
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ftre  something  altogether  additional ; — ^not  suggested  by 
the  original  scheme ;  perhaps  difficult  to  reconcile  with 
it.  Every  such  addition  adds  to  the  complexity  of  the 
hypothetical  system,  which  at  last  becomes  unmanageable, 
and  is  compelled  to  surrender  its  place  to  some  simpler 
explanation. 

Such  a  false  theory,  for  example,  was  the  ancient 
doctrine  of  eccentrics  and  epicycles.     It  explained  the 
general  succession  of  the  places  of  the  Sun,  Moon,  and 
Planets ;   it  would  not  have  explained  the  proportion  of 
their  magnitudes  at  different  times,  if  these  could  have 
been  accurately  observed ;  but  this  the  ancient  astrono- 
mers were  unable  to  do.   When,  however,  Tycho  and  other 
astronomers  came   to   be  able   to   observe   the  planets 
accurately  in  all  positions,  it  was  found  that  no  combina- 
tion of  eqvMe  circular  motions  would  exactly  represent 
all  the  observations.    We  may  see,  in  Kepler's  works,  the 
many  new  modifications   of  the  epicyclical   hypothesis 
which  offered  themselves  to  him ;   some  of  which  would 
have  agreed  with  the  phenomena  with  a  certain  degree  of 
accuracy,  but  not  so  great  a  degree  as  Kepler,  fortunately 
for  the  progress  of  science,  insisted  upon  obtaining.    After 
these  epicycles  had  been  thus  accumulated,  they  all  disap- 
peared and  gave  way  to  the  simpler  conception  of  an 
elliptical  motion.     In  like  manner,  the  discovery  of  new 
inequalities  in  the  moon's  motions  encumbered  her  system 
more  and  more  with  new  machinery,  which  was  at  last 
rejected  all  at   once  in  favour  of  the  elliptical  tlieory. 
Astronomers  could   not   but   suppose   themselves   in   a 
wrong  path  when  the  prospect  grew  darker  and  more 
entangled  at  every  step. 

Again ;  the  Cartesian  system  of  vortices  might  be 
said  to  explain  the  primary  phenomena  of  the  revolutions 
of  planets  about  the  sun,  and  satellites  about  planets. 
But  the  elliptical  form  of  the  orbits  required  new  suppo- 
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flitions.  Bernoulli  ascribed  this  curve  to  the  shape  of  the 
planet,  operating  on  the  stream  of  the  vortex  in  a  manner 
similar  to  the  rudder  of  a  boat.  But  then  the  motions  of 
the  aphelia,  and  of  the  nodes, — the  perturbations, — even 
the  action  of  gravity  to  the  earth,— could  not  be  accounted 
for  without  new  and  independent  suppositions  Here 
was  none  of  the  simplicity  of  truth.  The  theory  of 
gravitation  on  the  other  hand  became  more  simple  as 
the  facts  to  be  explained  became  more  numerous.  The 
attraction  of  the  sun  accounted  for  the  motions  of  the 
planets ;  the  attraction  of  the  planets  was  the  cause  of 
the  motion  of  the  satellites.  But  this  being  assumed,  the 
perturbations,  the  motions  of  the  nodes  and  aphelia,  only 
made  it  requisite  to  extend  the  attraction  of  the  sun  to 
the  satellites,  and  that  of  the  planets  to  each  other : — ^the 
tides,  the  spheroidal  form  of  the  earth,  the  precession, 
still  required  nothing  more  than  that  the  moon  and  sun 
should  attract  the  parts  of  the  earth,  and  that  these 
should  attract  each  other;-— -so  that  all  the  suppositions 
resolved  themselves  into  the  single  one,  of  the  universal 
gravitation  of  all  matter.  It  is  difficult  to  imagine  a 
more  convincing  manifestation  of  simplicity  and  unity. 

Again,  to  take  an  example  from  another  science ;-— ^ 
the  doctrine  of  phlogiston  brought  together  many  &cts 
in  a  very  plausible  manner,— combustion,  acidification,  and 
others, — and  very  naturally  prevailed  for  a  while-  But  the 
balance  came  to  be  used  in  chemical  operations,  and  the 
facts  of  weight  as  well  as  of  combination  were  to  be 
accounted  for.  On  the  phlogistic  theory,  it  appeared  that 
this  could  not  be  done  without  a  new  supposition,  and 
that  a  very  strange  one ; — ^that  phlogiston  was  an  element 
not  only  not  heavy,  but  absolutely  light,  so  that  it  dimi- 
nished the  weight  of  the  compounds  into  which  it  entered. 
Some  chemists  for  a  time  adopted  this  extravagant  view; 
but  the  wiser  of  them  saw,  in  the^  necessity  of  such  i^ 
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supposition  to  the  defence  of  the  theory,  an  evidence  that 
the  hypothesis  of  an  element  phlogiston  was  erroneous. 
And  the  opposite  hypothesis,  which  taught  that  oxygen 
was  subtracted,  and  not  phlogiston  added,  was  accepted 
because  it  required  no  such  novel  and  inadmissible  as- 
sumption. 

Again,  we  find  the  same  evidence  of  truth  in  the 
progress  of  the  undulatory  theory  of  light,  in  the  course 
of  its  application  from  one  class  of  facts  to  another. 
Thus  we  explain  reflection  and  refraction  by  undulations; 
when  we  come  to  thin  plates,  the  requisite  "fits"  are 
already  involved  in  our  fundamental  hypothesis,  for  they 
are  the  length  of  an  undulation :  the  phenomena  of  dif- 
fraction also  require  such  intervals;  and  the  intervals 
thus  required  agree  exactly  with  the  others  in  magnitude, 
so  that  no  new  property  is  needed.  %  Polarization  for  a 
moment  appears  to  require  some  new  hypothesis;  yet 
this  is  hardly  the  case ;  for  the  direction  of  our  vibmtions 
is  hitherto  arbitrary : — wc  allow  polarizatioi\  to  decide  it, 
*and  we  suppose  the  undulations  to  be  transverse.  Having 
done  this  for  the  sake  of  polarization,  wc  turn  to  the 
phenomena  of  double  refraction,  and  inquire  what  new 
hypothesis  they  require.  But  the  answer  is,  that  they 
require  none:  the  supposition  of  transverse  vibrations, 
which  we  have  made  in  order  to  explain  polarization, 
gives  us  also  the  law  of  double  refraction.  Truth  may 
give  rise  to  such  a  coincidence ;  falsehood  cannot.  Again, 
the  facts  of  dipolarization  come  into  view.  But  they 
hardly  require  any  new  assumption ;  for  the  difference  of 
optical  elasticity  of  crystals  in  different  directions,  which 
is  already  assumed  in  uniaxal  crystals*,  is  extended  to 
biaxal  exactly  according  to  the  law  of  symmetry;  and 
this  being  done,  the  laws  of  the  phenomena,  curious  and 
complex  as  they  are,  are  fully  explained.   The  phenomena 
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of  circular  polarization  by  internal  reflection,  instead  of 
requiring  a  new  hypothesis,  are  found  to  be  given  by  an 
interpretation  of  an  apparently  inexplicable  result  of  an 
old  hypothesis.  The  circular  polarization  of  quartz  and 
its  double  refraction  does  indeed  appear  to  require  a  new 
assumption,  but  still  not  one  which  at  all  disturbs  the 
form  of  the  theory;  and  in  short,  the  whole  history  of 
this  theory  is  a  progress,  constant  and  steady,  often  stri- 
king and  startling,  from  one  degree  of  evidence  and  con- 
sistence to  another  of  higher  order. 

In  the  emission  theory,  on  the  other  hand,  as  in  the 
theory  of  solid  epicycles,  we  see  what  we  may  consider 
as  the  natural  course  of  things  in  the  career  of  a  false 
theory.     Such  a  theory  may,  to  a  certain  extent,  explain 
the  phenomena  which  it  was  at  first  contrived  to  meet ; 
but  every  new  class  of  facts  requires  a  new  supposition — 
an  addition  to  the  machinery:  and  as  observation  goes 
on,   these  incoherent  appendages  accumulate,  till  they 
overwhelm  and  upset  the  original  frame-work.    Such  has . 
been  the  hypothesis  of  the  material  emission  of  light. 
In  its  original  form  it  explained  reflection  and  refraction: 
but  the  colours  of  thin  plates  added  to  it  the  fits  of  easy 
transmission  and  reflection ;  the  phenomena  of  diffraction 
further  invested  the  emitted  particles  with  complex  laws 
of  attraction  and  repulsion ;  polarization  gave  them  sides : 
double  refraction  subjected  them  to  peculiar  forces  ema- 
nating from  the  axes  of  the  crystal :  finally,  dipolarization 
loaded  them  with  the  complex  and  unconnected  con- 
trivance of  moveable  polarization :    and  even  when  all 
this  had  been  done,  additional  mechanism  was  wanting. 
There  is  here  no  unexpected  success,  no  happy  coinci- 
dence, no  convergence  of  principles  from  remote  quar- 
ters.    The  philosopher  builds  the  machine,  but  its  parts 
do  not  fit.     They  hold  together  only  while  he  presses 
them.     This  is  not  the  character  of  truth. 

As  another  example  of  the  application  of  the  maxim 
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now  under  consideration,  I  may  perhaps  be  allowed  to 
refer  to  the  judgment  which,  in  the  History  of  Ther- 
motics,  I  have  ventured  to  give  respecting  Laplace's 
Theory  of  Gases.  I  have  stated*,  that  we  cannot  help 
forming  an  unfavourable  judgment  of  this  theory,  by 
looking  for  that  great  characteristic  of  true  theory; 
namely,  that  the  hypotheses  which  were  assumed  to 
account  for  one  class  of  fiEu^ts  are  found  to  explain  another 
doss  of  a  different  nature.  Thus  Laplace's  first  supposi-* 
tions  explain  the  connexion  of  compression  with  density, 
(the  law  of  Boyle  and  Mariotte,)  and  the  connexion  of 
elasticity  with  heat,  (the  law  of  Dalton  and  Gay  Lussac.) 
But  the  theory  requires  other  assumptions  when  we  come 
to  latent  heat ;  and  yet  these  new  assumptions  produce 
no  effect  upon  the  calculations  in  any  application  of  the 
theory.  When  the  hypothesis,  constructed  with  refer- 
ence to  the  elasticity  and  temperature,  is  applied  to 
another  class  of  facts,  those  of  latent  heat,  we  have  no 
Simplification  of  the  Hypothesis,  and  therefore  no  evi- 
dence of  the  truth  of  the  theory. 

13.  The  two  last  sections  of  this  chapter  direct  our 
attention  to  two  circumstances,  which  tend  to  prove,  in 
a  manner  which  we  may  term  irresistible,-  the  truth  of 
the  theories  which  they  characterize : — ^the  Cotisilience  of 
Inductions  from  different  and  separate  classes  of  facts; 
— and  the  progressive  Simplification  of  the  Theory  as  it 
is  extended  to  new  cases.  These  two  Characters  are,  in 
fact,  hardly  different ;  they  are  exemplified  by  the  same 
cases.  For  if  these  Inductions,  collected  from  one  class 
of  facts,  supply  an  unexpected  explanation  of  a  new  class, 
which  is  the  case  first  spoken  of,  there  will  be  no  need 
for  new  machinery  in  the  hypothesis  to  apply  it  to  the 
newly-<*ontemplated  facts;  and  thus  we  have  a  case  in 
which  the  system  does  not  become  more  complex  when 
its  application  is  extended  to  a  wider  field,  which  was 
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the  character  of  true  theory  in  its  second  aspect.  The 
Consiliences  of  our  Inductions  give  rise  to  a  constant 
Convergence  of  our  Theory  towards  Simplicity  and  Unity. 
But)  moreover,  both  these  cases  of  the  extension  of 
the  theory,  without  difficulty  or  new  suppositions,  to  a 
wider  range  and  to  new  classes  of  phenomena,  may  be  con- 
veniently considered  in  yet  another  point  of  view;  namely, 
as  successive  steps  by  which  we  gradually  ascend  in  our 
speculative  views  to  a  higher  and  higher  point  of  gene- 
rality. For  when  the  theory,  either  by  the  concurrence  of 
two  indications,  or  by  an  extension  without  complication^ 
has  included  a  new  range  of  phenomena,  we  have,  in  fact, 
a  new  induction  of  a  more  general  kind,  to  which  the 
inductions  formerly  obtained  are  subordinate,  as  particular 
cases  to  a  general  proposition.  We  have  in  such  exam- 
ples, in  short,  an  instance  of  swcesdve  generalization. 
This  is  a  subject  of  great  importance,  and  deserving  of 
being  well  illustrated ;  it  will  come  under  our  notice  in 
the  next  chapter. 


Chapter  VI. 
OF  THE  LOGIC  OF  INDUCTION. 

1.  The  subject  to  which  the  present  chapter  refers  is 
described  by  phrases  which  are  at  the  present  day  fami- 
liarly used  in  speaking  of  tlie  progress  of  knowledge. 
We  hear  very  frequent  mention  of  ascending  from  par-^ 
ticular  to  general  propositions,  and  from  these  to  propo- 
sitions still  more  general ; — of  truths  included  in  other 
truths  of  a  higher  degree  of  generality; — of  different 
stages  of  generalization ; — and  of  the  highest  step  of  the 
process  of  discovery,  to  which  all  others  are  subordinate 
and  preparatory.    As  these  expressions^  so  familiar  to  our 
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ears,  especiallj  since  the  time  of  Francis  Bacon,  denote, 
very  significantly,  processes  and  relations  which  are  of 
great  importance  in  the  formation  of  science,  it  is  neces- 
sary for  us  to  give  a  clear  account  of  them,  illustrated 
with  general  exemplifications,  and  this  we  shall  endeavour 
to  do. 

We  have,  indeed,  already  explained  that  science  con- 
sists of  propositions  which  include  the  facts  from  which 
they  were  collected;  and  other  wider  propositions,  col- 
lected in  like  manner  from  the  former,  and  including 
them.     Thus,  that  the  stars,  the  moon,  the  sun,  rise,  cul- 
minate, and  set,  are  facts  included  in  the  proposition  that 
the  heavens,  carrying  with  them  all  the  celestial  bodies, 
have  a  diurnal  revolution  about  the  axis  of  the  earth. 
Again,  the  observed  monthly  motions  of  the  moon,  and 
the  annual  motions  of  the  sun,  are  included  in  certain 
propositions  concerning  the  movements  of  those  lumi- 
naries with  respect  to  the  stars.     But  all  these  proposi- 
tions are  really  included  in  the  doctrine  that  the  earth, 
revolving  on  its   axis,  moves  round  the  sun,  and   the 
moon  round  the  earth.     These  movements,  again,  consi- 
dered as  facts,  are  explained  and  included  in  the  state- 
ment of  the  forces  which  the  earth  exerts  upon  the  moon, 
and  the  sun  upon  the  earth.      Again,  this  doctrine  of 
the  forces  of  these  two  bodies  is  included  in  the  asser- 
tion, that  all  the  bodies  of  the  solar  system,  and  all  parts 
of  matter,  exert  forces,  each  upon  each.     And  we  might 
easily  show  that  all  the  leading  focts  in  astronomy  are 
comprehended  in  the  same  generalization.     In  like  man- 
mer  with  regard  to  any  other  science,  so  far  as  its  truths 
have  been  well  established  and  fully  developed,  we  might 
show  that  it  consists  of  a  gradation  of  propositions,  pro- 
ceeding from  the  most  sj)ecial  facts  to  the  most  general 
theoretical  assertions.     We  shall  exhibit  this  gradation 
in  some  of  the  principal  branches  of  science. 
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2.  This  gradation  of  truths,  successively  included  in 
other  truths,  may  be  conveniently  represented  by  Tobies 
resembling  the  genealogical  tables  by  which  the  deriva* 
tion  of  descendants  from  a  common  ancestor  is  exhibited ; 
except  that  it  is  proper  in  this  case  to  invert  the  form  of 
the  Table,  and  to  make  it  converge  to  unity  downwards 
instead  of  upwards,  since  it  has  for  its  purpose  to  express, 
not  the  derivation  of  many  from  one,  but  the  collection 
of  one  truth  from  many  things.  Two  or  more  co-ordinate 
facts  or  propositions  may  be  ranged  side  by  side,  and 
joined  by  some  mark  of  connexion,  (a  bracket,  as  ' — v — ' 

or  I 1,)  beneath  which  may  be  placed  the  more 

general  proposition  which  is  collected  by  induction  from 
the  former.  Again,  propositions  co-ordinate  with  this 
more  general  one  may  be  placed  on  a  level  with  it ;  and 
the  combination  of  these,  and  the  result  of  the  combina- 
tion, may  be  indicated  by  brackets  in  the  same  manner ; 
and  so  on,  through  any  number  of  gradations.  By  this 
means  the  streams  of  knowledge  from  various  classes  of 
facts  will  constantly  run  together  into  a  smaller  and  smaller 
number  of  channels ;  like  the  confluent  rivulets  of  a  great 
river,  coming  together  from  many  sources,  uniting  their 
ramifications  so  as  to  form  larger  branches,  these  again 
uniting  in  a  single  trunk.  The  genealogical  tree  of  each 
great  portion  of  science,  thus  formed,  will  contain  all  the 
leading  truths  of  the  science  arranged  in  their  due  co- 
ordination and  subordination.  Such  Tables,  constructed 
for  the  sciences  of  Astronomy  and  of  Optics,  will  be  given 
at  the  end  of  this  chapter. 

3.  The  union  of  co-ordinate  propositions  into  a  pro* 
position  of  a  higher  order,  which  occurs  in  this  Tree  of 
Science  wherever  two  twigs  unite  in  one  branch,  is,  in 
each  case,  an  example  of  Induction.  The  single  propo- 
sition is  collected  by  the  process  of  induction  from  its 
several  members,     But  here  we  may  observe,  that  th^ 
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image  of  a  mere  union  of  the  parts  at  each  of  these 
points,  which  the  figure  of  a  tree  or  a  river  presents,  is 
yery  inadequate  to  convey  the  true  state  of  the  case ;  for 
in  Induction,  as  we  have  seen,  besides  mere  collection  of 
particulars,  there  is  always  a  7ieto  conception^  a  principle 
of  connexion  and  unity,  supplied  by  the  mind,  and  super- 
induced upon  the  particulars.  There  is  not  merely  a 
juxtaposition  of  materials,  by  which  the  new  proposition 
contains  all  that  its  component  parts  contained ;  but  also 
a  formative  act  exerted  by  the  understanding,  so  that 
these  materials  are  contained  in  a  new  shape.  We  must 
remember,  therefore,  that  our  Inductive  Tables,  although 
they  represent  the  elements  and  the  order  of  these  induc- 
tive steps,  do  not  fully  represent  the  whole  signification 
of  the  process  in  each  case. 

4.  The  principal  features  of  the  progress  of  science 
spoken  of  in  the  last  chapter  are  clearly  exhibited  in 
these  Tables ;  namely,  the  Consilience  of  Inductionsy  and 
the  constant  Tendency  to  Simplicity  observable  in  tnie 
theories.  Indeed  in  all  cases  in  which  from  propositions 
of  considerable  generality,  propositions  of  a  still  higher 
degree  are  obtained,  there  is  a  convergence  of  inductions ; 
and  if  in  one  of  the  lines  which  thus  converge,  the  steps 
be  rapidly  and  suddenly  made  in  order  to  meet  the 
other  line,  we  may  consider  that  we  have  an  example  of 
Consilience.  Thus  when  Newton  had  collected  from 
Kepler^s  Laws  the  Central  Force  of  the  sun,  and  from 
these,  combined  with  other  facts,  the  Universal  Force  of 
all  the  heavenly  bodies,  he  suddenly  turned  round  to 
include  in  his  generalization  the  Precession  of  the  Equi- 
noxes, which  he  declared  to  arise  from  the  attraction  of 
the  sun  and  moon  upon  the  protuberant  part  of  the  ter- 
restrial spheroid.  The  apparent  remoteness  of  this  fact» 
in  its  nature,  from  the  others  with  which  he  thus  asso- 
ciated it,  causes  this  part  of  his  reasoning  to  strike  us 
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as  ft  remarkable  example  of  Consilience.  AocoHingly^ 
in  the  Table  of  Astronomy  we  find  that  the  columns 
which  contain  the  facts  and  theories  relative  to  the  sun 
and  jjianetSy  after  exhibiting  several  stages  of  induction 
trithin  themselves,  are  at  length  suddenly  connected  with 
a  column  till  then  quite  distinct,  containing  the  precession 
of  the  equinoa^es.  In  like  manner,  in  the  Table  of  Optics^ 
the  columns  which  contain  the  facts  and  theories  relative 
to  double  refraction^  and  those  which  include  polarization 
by  crt/stalSf  each  go  separately  through  several  stages  of 
induction ;  and  then  these  two  sets  of  columns  are  sud- 
denly connected  by  Fresnel's  mathematical  induction  that 
double  refraction  and  polarization  arise  from  the  same 
cause :  thus  exhibiting  a  remarkable  Consilience. 

5.  The  constant  Tendency  to  Simplicity  in  the  sciences 
of  which  the  progress  is  thus  represented,  appears  from 
the  form  of  the  Table  itself;  for  the  single  trunk  into 
which  all  the  branches  converge,  contains  in  itself  the 
substance  of  all  the  propositions  by  means  of  which  this 
last  generalization  was  arrived  at.  It  is  true,  that  this 
ultimate  result  is  sometimes  not  so  simple  as  in  the  Table 
it  appears:  for  instance,  the  ultimate  generalization  of 
the  Table  exhibiting  the  progress  of  Physical  Optics,— 
namely,  that  Light  consists  in  Undulations, — ^must  be 
understood  as  including  some  other  hypotheses ;  as,  that 
the  undulations  are  transverse,  that  the  ether  through 
which  they  are  propagated  has  its  elasticity  in  crystals 
and  other  transparent  bodies  regulated  by  certain  laws  j 
and  the  like.  Yet  still,  even  acknowledging  all  the  com* 
plication  thus  implied,  the  Table  in  question  evidences 
clearly  enough  the  constant  advance  towards  unity,  con- 
sistency, and  simplicity,  which  have  marked  the  progress 
of  this  Theory.  The  same  is  the  case  in  the  Inductive 
Table  of  Astronomy  in  a  still  greater  degree. 

6.  These  Tables  naturally  afford  the  opportunity  of 
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assigning  to  each  of  the  distinct  steps  of  which  the  pro- 
gress of  science  consists,  the  name  of  the  Discoverer  to 
whom  it  is  due.  Every  one  of  the  inductive  processes 
which  the  brackets  of  our  Tables  mark,  directs  our  atten- 
tion to  some  person  by  whom  the  induction  was  first 
distinctly  made.  These  names  I  have  endeavoured  to 
put  in  their  due  places  in  the  Tables ;  and  the  Inductive 
Tree  of  our  knowledge  in  each  science  becomes,  in  this 
way,  an  exhibition  of  the  claims  of  each  discoverer  to 
distinction,  and,  as  it  were,  a  Genealogical  Tree  of  scion* 
tific  nobility.  It  is  by  no  means  pretended  that  such  a 
tree  includes  the  names  of  all  the  meritorious  labourers 
in  each  department  of  science.  Many  persons  are  most 
usefully  employed  in  collecting  and  verifying  truths,  who 
do  not  advance  to  any  new  truths.  The  labours  of  a 
number  of  such  are  included  in  each  stage  of  our  ascent. 
But  such  Tables  as  we  have  now  before  us  will  present 
to  us  the  names  of  all  the  most  eminent  discoverers :  for 
the  main  steps  of  which  the  progress  of  science  consists, 
are  transitions  from  more  particular  to  more  general 
truths,  and  must  therefore  be  rightly  given  by  these 
Tables ;  and  those  must  be  the  greatest  names  in  science 
to  whom  the  principal  events  of  its  advance  are  thus  due. 
7.  The  Tables,  as  we  have  presented  them,  exhibit 
the  course  by  which  we  pass  from  particular  to  general 
through  various  gradations,  and  so  to  the  most  general. 
They  display  the  order  of  discovery.  But  by  reading 
them  in  an  inverted  manner,  beginning  at  the  single 
comprehensive  truths  with  which  the  Tables  end,  and 
tracing  these  back  into  the  more  partial  truths,  and  these 
again  into  special  facts,  they  answer  another  purpose ; — 
they  exhibit  the  process  of  verification  of  discoveries  once 
made.  For  each  of  our  general  propositions  is  true  in 
virtue  of  the  truth  of  the  narrower  propositions  which  it 
involves ;  and  we  cannot  satisfy  ourselves  of  its  truth  in 
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any  other  way  than  by  ascertaining  that  these  its  consti- 
tuent elements  are  true.  To  assure  ourselves  that  the 
sun  attracts  the  planets  with  forces  varying  inversely  as 
the  square  of  the  distance,  we  must  analyse  by  geometry 
the  motion  in  an  ellipse  about  the  focus,  so  as  to  see 
that  it  does  imply  such  a  force.  We  must  also  verify 
those  calculations  by  which  the  observed  places  of  each 
planet  are  stated  to  be  included  in  an  ellipse.  These  cal- 
culations involve  assumptions  respecting  the  path  which 
the  earth  describes  about  the  sun,  which  assumptions 
must  again  be  verified  by  reference  to  observation.  And 
thus,  proceeding  from  step  to  step,  we  resolve  the  most 
general  truths  into  their  constituent  parts;  and  these 
again  into  their  parts  ;  and  by  testing,  at  each  step,  both 
the  reality  of  the  asserted  ingredients  and  the  propriety 
of  the  conjunction,  we  establish  the  whole  system  of 
truths,  however  wide  and  various  it  may  be. 

8.  It  is  a  very  great  advantage,  in  such  a  mode  of 
exhibiting  scientific  truths,  that  it  resolves  the  verifica^ 
tion  of  the  most  complex  and  comprehensive  theories, 
into  a  number  of  small  steps,  of  which  almost  any  one 
falls  within  the  reach  of  common  talents  and  industry. 
That  if  the  particulars  of  any  one  step  be  true,  the  gene- 
ralization also  is  true,  any  person  with  a  mind  properly 
disciplined  may  satisfy  himself  by  a  little  study.  That 
each  of  these  particular  propositions  is  true,  may  be  ascer- 
tained, by  the  same  kind  of  attention,  when  this  propo- 
sition is  resolved  into  its  constituent  and  more  special 
propositions.  And  thus  we  may  proceed,  till  the  most 
general  truth  is  broken  up  into  small  and  manageable 
portions.  Of  these  portions,  each  may  appear  by  itself 
narrow  and  easy ;  and  yet  they  are  so  woven  together,  by 
hypothesis  and  conjunction,  that  the  truth  of  the  parts 
necessarily  assures  us  of  the  truth  of  the  whole.  The 
verification  is  of  the  same  nature  as  the  verificatiQQ .  of  a 
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large  and  complex  Btatement  of  great  sums  receired  by 
a  mercantile  office  on  various  accounts  from  many  quarters. 
The  statement  is  separated  into  certain  comprehensive 
heads,  and  these  into  others  less  extensive;  and  these 
again  into  smaller  collections  of  separate  articles,  each  of 
which  can  be  inquired  into  and  reported  on  by  separate 
persons.  And  thus  at  last,  the  mere  addition  of  numbers 
performed  by  these  various  persons,  and  the  summation 
of  the  results  which  they  obtain,  executed  by  other  ac- 
countants, is  a  complete  and  entire  security  that  there  is 
no  error  in  the  whole  of  the  process. 

9.  This  comparison  of  the  process  by  which  we  verify 
scientific  truth  to  the  process  of  book-keeping  in  a  large 
commercial  establishment,  may  appear  to  some  persons 
not  sufficiently  dignified  for  the  subject.     But,  in  fact, 
the  possibility  of  giving  this  formal   and   business-like 
aspect  to  the  evidence  of  science,  as  involved  in  the  pro* 
cess  of  successive  generalization,  is  an  inestimable  ad- 
vantage.     For  if  no  one  could  pronounce  concerning 
a  wide  and  profound  theory  except  he  who  could  at  once 
embrace  in  his  mind  the  whole  range  of  inference,  ex- 
tending from  the  special  facts  up  to  the  most  general 
principles,  none  but  the  greatest  geniuses  would  be  en- 
titled to  judge  concerning  the  truth  or  error  of  scientific 
discoveries.     But,  in  reality,  we  seldom  need  to  verify 
more  than  one  or  two  steps  of  such  discoveries  at  one 
time ;  and  this  may  commonly  be  done  (when  the  dis- 
coveries have  been  fully  established  and  developed,)  by 
any  one  who  brings  to  the  task  clear  conceptions  and 
steady  attention.     The  progress  of  science  is  gradual: 
the  discoveries  which  are   successively  made,  are  also 
verified   successively.     We   have  never  any  very  large 
collections  of  them  on  our  hands  at  once.     The  doubts 
and  uncertainties  of  any  one  who  has  studied  science 
with  care  and  perseverance  are  generally  confined  to  a 
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few  points.  If  be  can  satisfy  himself  upon  these,  he  has 
no  misgivings  respecting  the  rest  of  the  structure ;  which 
has  indeed  been  repeatedly  verified  by  other  persons  in 
like  manner.  The  fact  that  science  is  capable  of  being 
resolved  into  separate  processes  of  verification,  is  that  which 
renders  it  possible  to  form  a  great  body  of  scientific  truth* 
by  adding  together  a  vast  number  of  truths,  of  which 
many  men,  at  various  times  and  by  multiplied  efforts,  have 
satisfied  themselves.  The  treasury  of  Science  is  constantly 
rich  and  abundant,  because  it  accumulates  the  wealth 
which  is  thus  gathered  by  so  many,  and  reckoned  over  by 
so  many  more  :  and  the  dignity  of  Knowledge  is  no  more 
lowered  by  the  multiplicity  of  the  tasks  on  which  her 
servants  are  employed,  and  the  narrow  field  of  labour  to 
which  some  confine  themselves,  than  the  rich  merchant 
is  degraded  by  the  number  of  offices  which  it  is  necessary 
for  him  to  maintain,  and  the  minute  articles  of  which  he 
requires  an  exact  statement  from  his  accountants. 

10.  The  analysis  of  doctrines  inductively  obtained, 
into  their  constituent  facts,  and  the  arrangement  of  them 
in  such  a  form  that  the  conclusiveness  of  the  induction 
may  be  distinctly  seen,  may  be  termed  the  Logic  of  Inr 
dudton.  By  Logic  has  generally  been  meant  a  system 
which  teaches  us  so  to  arrange  our  reasonings  that  their 
truth  or  falsehood  shall  be  evident  in  their  form.  In 
dedzictive  reasonings,  in  which  the  general  principles  ar^ 
assumed,  and  the  question  is  concerning  their  application 
and  combination  in  particular  cases,  the  device  which  thus 
enables  us  to  judge  whether  our  reasonings  are  conclusive, 
is  the  Syllogism ;  and  this  fortn,  along  with  the  rules 
which  belong  to  it,  does  in  fEWJt  supply  us  with  a  criterion 
of  deductive  or  demonstrative  reasoning.  The  Inductif^ 
TaJUe^  such  as  it  is  presented  in  the  present  chapter,  in 
like  manner  supplies  the  means  of  ascertaining  the  truth 
of  our  inductive  inferences,  bo  &r  as  the  form  in  which 
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our  reasoning  may  be  stated  can  afford  sucli  a  criterion. 
Of  course  some  care  is  requisite  in  order  to  reduce  a 
train  of  demonstration  into  the  form  of  a  series  of  syl- 
logisms; and  certainly  not  less  thought  and  attention 
are  required  for  resolving  all*  the  main  doctrines  of  any 
great  department  of  science  into  a  graduated  table  of 
co-ordinate  and  subordinate  inductions.  But  in  each 
case,  when  this  task  is  once  executed,  the  evidence  or 
want  of  evidence  of  our  conclusions  appears  at  once  in  a 
most  luminous  manner.  In  each  step  of  induction,  our 
Table  enumerates  the  particular  facts,  and  states  the  gene- 
ral theoretical  truth  which  includes  these  and  which  these 
constitute.  The  special  act  of  attention  by  which  we  satisfy 
ourselves  that  the  facts  are  so  included, — ^that  the  general 
truth  is  so  constituted, — then  affords  little  room  for  error, 
with  moderate  attention  and  clearness  of  thought. 

11.  We  may  find  an  example  of  this  act  of  attentmi 
thus  required,  at  any  one  of  the  steps  of  induction  in  our 
Tables ;  for  instance,  at  the  step  in  the  early  progress  of 
astronomy  at  which  it  was  inferred,  that  the  earth  is  a 
globe,  and  that  the  sphere  of  the  heavens  performs  a  diurnal 
revolution  roimd  this  globe  of  the  earth.  How  was  this 
established  in  the  belief  of  the  Greeks,  and  how  is  it  fixed 
in  our  conviction  ?  As  to  the  globular  form,  we  find  that 
as  we  travel  to  the  north  the  apparent  pole  of  the  heavenly 
motions,  and  the  constellations  which  are  near  it,  seem  to 
mount  higher,  and  as  we  proceed  southwards  they  descend. 
Again,  if  we  proceed  from  two  different  points  consi- 
derably to  the  east  and  west  of  each  other,  and  travel 
directly  northwards  from  each,  as  from  the  south  of  Spain 
to  the  north  of  Scotland,  and  from  Greece  to  Scandinavia, 
these  two  north  and  south  lines  will  be  much  nearer  to 
each  other  in  their  northern  than  in  their  southern  parts. 
These  and  similar  facts,  as  soon  as  they  are  clearly  esti- 
iDfited  and  connected  in  the  mind,  are  seen  to  be  consist 
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tent  with  a  convex  surface  of  the  earth,  and  with  no 
other :  and  this  notion  is  further  confirmed  by  observing 
that  the  boundary  of  the  earth's  shadow  upon  the  moon 
is  always  circular ;  it  being  supposed  to  be  already  esta- 
blished that  the  moon  receives  her  light  from  the  sun, 
and  that  lunar  eclipses  are  caused  by  the  interposition  of 
the  earth.  As  for  the  assertion  of  the  diurnal  revolution 
of  the  starry  sphere,  it  is  merely  putting  the  visible  phe- 
nomena in  an  exact  geometrical  form :  and  thus  we  esta- 
blish and  verify  the  doctrine  of  the  revolution  of  the 
sphere  of  the  heavens  about  the  globe  of  the  earth,  by 
contemplating  it  so  as  to  see  that  it  does  really  and 
exactly  include  the  particular  facts  from  which  it  is 
collected. 

We  may,  in  like  manner,  illustrate  this  mode  of  veri- 
fication  by  any  of  the  other  steps  of  the  same  Table. 
Thus  if  we  take  the  great  Induction  of  Copernicus,  the 
heliocentric  scheme  of  the  solar  system,  we  find  it  in  the 
Table  exhibited  as  including  and  explaining,  firsts  the 
diurnal  revolution  just  spoken  of;  second^  the  motions  of 
the  moon  among  the  fixed  stars;  thirds  the  motions  of 
the  planets  with  reference  to  the  fixed  stars  and  the  sun ; 
fourthy  the  motion  of  the  sun  in  the  ecliptic.  And  the 
scheme  being  clearly  conceived,  we  see  that  all  the  par- 
ticular facts  are  feithfuUy  represented  by  it;  and  this 
agreement,  along  with  the  simplicity  of  the  scheme,  in 
which  respect  it  is  so  far  superior  to  any  other  conception 
of  the  solar  system,  persuade  us  that  it  is  really  the  plan 
of  nature. 

In  exactly  the  same  way,  if  we  attend  to  any  of  the 
several  remarkable  discoveries  of  Newton,  which  form 
the  principal  steps  in  the  latter  part  of  the  Table,  as  for 
instance,  the  proposition  that  the  sun  attracts  all  the 
planets  with  a  force  which  varies  inversely  as  the  square 
of  the  distance,  we  find  it  proved  by  its  including  three 
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other  propositions  previously  established  \—Jir$ty  that  the 
sun's  mean  force  on  different  planets  follows  the  specified 
variation  (which  is  proved  from  Kepler's  third  law); 
second^  that  the  force  by  which  each  planet  is  acted  upon 
in  different  parts  of  its  orbit  tends  to  the  sun  (which  is 
proved  by  the  equable  description  of  areas) ;  MeVrf,  that 
this  force  in  different  parts  of  the  same  orbit  is  also 
inversely  as  the  square  of  the  distance  (which  is  proved 
from  the  elliptical  form  of  the  orbit).  And  the  New- 
tonian generalization,  when  its  consequences  are  mathe- 
matically traced,  is  seen  to  agree  with  each  of  these  par- 
ticular propositions,  and  thus  is  fully  established. 

12.  But  when  we  say  that  the  m'ore  general  propo- 
sition includes  the  several  more  particular  ones,  we  must 
recollect  what  has  before  been  said,  that  these  particulars 
form  the  general  truth,  not  by  being  merely  enumerated 
and  added  together,  but  by  being  seen  in  a  new  light 
No  mere  verbal  recitation  of  the  particulars  can  decide 
whether  the  general  proposition  is  true ;  a  special  act  of 
thought  is  requisite  in  order  to  determine  how  truly  each 
is  included  in  the  supposed  induction.  In  this  respect 
the  Inductive  Table  is  not  like  a  mere  schedule  of 
accounts,  where  the  rightness  of  each  part  of  the  reckon- 
ing is  tested  by  mere  addition  of  the  particulars.  On  the 
contrary,  the  Inductive  truth  is  never  the  mere  sum  of 
the  facts.  It  is  made  into  something  more  by  the  intro- 
duction of  a  new  mental  element ;  and  the  mind,  in  order 
to  be  able  to  supply  this  element,  must  have  peculiar 
endowments  and  discipline.  Thus  looking  back  at  the 
instances  noticed  in  the  last  article,  how  are  we  to  see 
that  a  convex  surfew^e  of  the  earth  is  necessarily  implied 
by  the  convergence  of  meridians  towards  the  north,  or  by 
the  visible  descent  of  the  north  pole  of  the  heavens  as  we 
travel  south  ?  Manifestly  the  student,  in  order  to  see  this, 
must  have  clear  conceptions  of  the  relations  of  space, 
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#itber  naturally  inherent  in  his  mind,  or  established  there 
by  geometrical  cultivation, — by  studying  the  properties  of 
circles  and  spheres.  When  he  is  so  prepared,  he  will  feel 
the  force  of  the  expressions  we  have  used,  that  the  facta 
just  mentioned  are  seen  to  be  consistent  with  a  globular 
form  of  the  earth ;  but  without  such  aptitude  he  will  not 
see  this  consistency :  and  if  this  be  so,  the  mere  assertibn 
of  it  in  words  will  not  avail  him  in  satisfying  himself  of 
the  tnith  of  the  proposition. 

In  like  manner,  in  order  to  perceive  the  force  of  the 
Copernican  induction,  the  student  must  have  his  mind  so 
disciplined  by  geometrical  studies,  or  otherwise,  that  he 
sees  clearly  how  absolute  motion  and  relative  motion 
would  alike  produce  apparent  motion.  He  must  have 
learnt  to  cast  away  all  prejudices  arising  from  the  seem- 
ing fixity  of  the  earth ;  and  then  he  will  see  that  there 
is  nothing  which  stands  in  the  way  of  the  induction,  while 
there  is  much  which  is  on  its  side.  And  in  the  same 
manner  the  Newtonian  induction  of  the  law  of  the  sun's 
force  from  the  elliptical  form  of  the  orbit,  will  be  evi- 
dently satisfactory  to  him  only  who  has  such  an  insight 
into  Mechanics  as  to  see  that  a  curvilinear  path  must 
arise  from  a  constantly  deflecting  force ;  and  who  is  able 
to  follow  the  steps  of  geometrical  reasoning  by  which, 
from  the  properties  of  the  ellipse,  Newton  proves  this 
deflection  to  be  in  the  proportion  in  which  he  asserts  the 
force  to  be.  And  thus  in  all  cases  the  inductive  truth 
must  indeed  be  verified  by  comparing  it  with  the  parti- 
cular facts ;  but  then  this  compai'ison  is  possible  for  him 
only  whose  mind  is  properly  disciplined  and  prepared  in 
the  use  of  those  conceptions,  which,  in  addition  to  the 
facts,  the  act  of  induction  requires. 

13.  In  the  Tables  some  indication  is  given,  at  several 
of  the  stepst  of  the  act  which  the  mind  must  thus  per- 
form, besides  the  mere  conjunction  of  facts,  in  order  tq 
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attain  to  the  inductive  truth.  Thus  in  the  cases  of  the 
Newtonian  inductions  just  spoken  of,  the  inferences  are 
stated  to  be  made  "By  Mechanics;"  and  in  the  case  of 
the  Copernican  induction,  it  is  said  that,  "  By  the  nature 
of  motion,  the  apparent  motion  is  the  same,  whether  the 
heavens  or  the  earth  have  a  diurnal  motion;  and  the 
latter  is  more  simple."  But  these  verbal  statements  are 
to  be  understood  as  mere  hints* :  they  cannot  supersede 
the  necessity  of  the  student's  contemplating  for  himself 
the  mechanical  principles  and  the  nature  of  motion  thus 
referred  to. 

14.  In  the  Common  or  Syllogistic  Logic,  a  certain 
Formula  of  language  is  used  in  stating  the  reasoning,  and 
is  useful  in  enabling  us  more  readily  to  apply  the  Cri* 
terion  of  Form  to  alleged  demonstrations.  This  formula 
is  the  usual  Syllogism ;  with  its  members,  Major  Premiss, 
Minor  Premiss,  and  Conclusion.  It  may  naturally  be 
asked  whether  in  Inductive  Logic  there  is  any  such  For- 
mula ?  Whether  there  is  any  standard  form  of  words  in 
which  we  may  most  properly  express  the  inference  of  a 
general  truth  from  particular  facts  ? 

At  first  it  might  be  supposed  that  the  formula  of 
Inductive  Logic  need  only  be  of  this  kind :  "  These  par- 
ticulars, and  all  known  particulars  of  the  same  kind,  are 
exactly  included  in  the  following  general  proposition." 
But  a  moment's  reflection  on  what  has  just  been  said  will 
show  us  that  this  is  not  sufficient :  for  the  particulars  are 
not  merely  ifiduded  in  the  general  proposition.  It  is  not 
enough  that  they  appertain  to  it  by  enumeration.  It  is, 
for  instance,  no  adequate  example  of  Induction  to  say, 
"  Mercury  describes  an  elliptical  path,  so  does  Venus,  so 
do  the  Earth,  Mars,  Jupiter,  Saturn,  Uranus ;  therefore 
all  the  Planets  describe  elliptical  paths."  This  is,  as  we 
have  seen,  the  mode  of  stating  the  evidence  when  the 

*  In  the  Indnctive  Tables  they  are  marked  by  an  aaterisk. 


THE  LOGIC  OF  INDUCTION.  253 

proposition  is  once  suggested;  but  the  Inductive  step 
consists  in  the  suggestion  of  a  conception  not  before 
apparent.  When  Kepler,  after  trying  to  connect  the 
observed  places  of  the  planet  Mars  in  many  other  ways, 
found  at  last  that  the  conception  of  an  ellipse  would 
include  them  all,  he  obtained  a  truth  by  induction :  for 
this  conclusion  was  not  obviously  included  in  the  pheno- 
mena, and  had  not  been  applied  to  these  facts  previously. 
Thus  in  our  Formula,  besides  stating  that  the  particulars 
are  included  in  the  general  proposition,  we  must  also 
imply  that  the  generality  is  constituted  by  a  new  Concep- 
tion,— ^new  at  least  in  its  application. 

Hence  our  Inductive  Formula  might  be  something 
like  the  following:  ^^ These  particulars,  and  all  known 
particulars  of  the  same  kind,  are  exactly  expressed  by 
adopting  the  Conceptions  and  Statement  of  the  following 
Proposition."  It  is  of  course  requisite  that  the  Concep- 
tions should  be  perfectly  clear,  and  should  precisely 
embrace  the  facts,  according  to  the  explanation  we  have 
already  given  of  those  conditions. 

15.  It  may  happen,  as  we  have  already  stated,  that 
the  Explication  of  a  Conception,  by  which  it  acquires  its 
due  distinctness^  leads  to  a  Definition,  which  Definition 
may  be  taken  as  the  summary  and  total  result  of  the 
intellectual  efforts  to  which  this  distinctness  is  due.  Jxx 
jsaich  casesy  the  Formula  of  Induction  may  be  modified 
according  to  this  condition ;  and  we  may  state  the  infer* 
^ace  by  saying,  after  an  enumeration  and  analysis  of  the 
appropriate  facts,  ^'  These  facts  are  completely  and  dis- 
tinctly expressed  by  adopting  the  following  Definition 
and  Proposition." 

This  Formula  has  been  adopted  in  stating  the  Induc- 
tive Propositions  which  constitute  the  basis  of  the  science 
of  Mechanics,  in  a  work  intitled  Th^  Mechanical  JSucUd* 
The  fundamental  trutha  of  the  subject  are  expressed  in 


264  C0N9TRUCrn0K  op  SCIBNCfi. 

Inductive  Pairs  of  Assertions,  consisting  each  of  a  Defini- 
tion and  a  Proposition,  such  as  the  following : 

Def. — ^A  Uniform  Force  is  that  which  acting  in  the 
direction  of  the  body's  motion,  adds  or  subtracts  equal 
velocities  in  equal  times. 

Prop. — Gravity  is  a  Uniform  Force. 

Again, 

Def. — ^Two  Motions  are  compounded  when  each  pro- 
duces its  separate  effect  in  a  direction  parallel  to  itself. 

Prop. — When  any  Force  acts  upon  a  body  in  motion, 
the  motion  which  the  Force  would  produce  in  the  body 
at  rest  is  compounded  with  the  previous  motion  of  the 
body. 

And  in  like  manner  in  other  cases. 

In  these  cases  the  proposition  is,  of  course,  established, 
and  the  definition  realized,  by  an  enumeration  of  the 
iaots.  And  in  the  case  of  inferences  made  in  such  a  form, 
the  Definition  of  the  Conception  and  the  Assertion  of 
the  Truth  are  both  requisite  and  are  correlative  to  one 
another.  Each  of  the  two  steps  contains  the  verification 
and  justification  of  the  other.  The  Proposition  derives  its 
meaning  from  the  Definition ;  the  Definition  derives  its 
reality  from  the  Proposition.  If  they  are  separated,  the 
Definition  is  arbitrary  or  empty,  the  Proposition  vague  or 
ambiguous. 

16.  But  it  must  be  observed  that  neither  of  the  pre- 
ceding Formulae  expresses  the  fiill  cogency  of  the  induc- 
tive proof.  They  declare  only  that  the  results  can  be 
clearly  explained  and  rigorously  deduced  by  the  employ- 
ment of  a  certain  Definition  and  a  certain  Proposition. 
But  in  order  to  make  the  conclusion  demonstrative,  which 
in  perfect  examples  of  Induction  it  is,  we  ought  to  be 
able  to  declare  that  the  results  can  be  clearly  explained 
and  rigorously  declared  only  by  the  Definition  and  Pro- 
position which  we  adopt    And  in  reality,  the  conviction 
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of  the  sound  inductive  reasoner  does  reach  to  this  point'. 
The  Mathematician  asserts  the  Laws  of  Motion,  seeing 
clearly  that  they  (or  laws  equivalent  to  them)  afford  the 
only  means  of  clearly  expressing  and  deducing  the  actual 
facts.  But  this  conviction,  that  the  inductive  inference 
is  not  only  consistent  with  the  facts,  but  necessary,  finds 
its  place  in  the  mind  gradually,  as  the  contemplation  of 
the  consequences  of  the  proposition,  and  the  various  relar 
tions  of  the  facts,  becomes  steady  and  familiar.  It  is 
scarcely  possible  for  the  student  at  once  to  satisfy  himself 
that  the  inference  is  thus  inevitable.  And  when  he 
arrives  at  this  conviction,  he  sees  also,  in  many  cases  at 
least,  that  there  may  be  other  ways  of  expressing  the 
substance  of  the  truth  established,  besides  that  special 
Proposition  which  he  has  under  his  notice. 

We  may,  therefore,  without  impropriety,  renounce  the 
undertaking  of  conveying  in  our  formula  this  final  con- 
viction of  the  necessary  truth  of  our  inference.  We 
may  leave  it  to  be  thought,  without  insisting  upon  saying 
it,  that  in  such  cases  what  can  be  true,  is  true.  But 
if  we  wish  to  express  the  ultimate  significance  of  the 
Inductive  Act  of  thought,  we  may  take  as  our  Formula 
for  the  Colligation  of  Facts  by  Induction,  this : — •*  The 
TOveral  Facts  are  exactly  expressed  as  one  Fact  if,  and 
only  if^  we  adopt  the  Conception  and  the  Assertion  **  of 
the  inductive  inference. 

17.  I  have  said  that  the  mind  must  be  properly  dis- 
ciplined in  order  that  it  may  see  the  necessary  connexion 
between  the  facts  and  the  general  proposition  in  which 
they  are  included.  And  the  perception  of  this  connexion, 
though  treated  as  one  step  in  our  inductive  inference, 
may  imply  many  steps  of  demonstrative  proof.  The  con- 
nexion is  this,  that  the  particular  case  is  included  in  the 
general  one,  that  is,  may  be  deduced  from  it :  but  this 
deduction  may  often  require  many  links  of  reasoning. 
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Thus  in  the  case  of  the  inference  of  the  law  of  the  force 
from  tlie  elliptical  form  of  the  orbit  by  Newton,  the  proof 
that  in  the  ellipse  the  deflection  from  the  tangent  is 
inversely  as  the  square  of  the  distance  from  the  focus  of 
the  ellipse,  is  a  ratiocination  consisting  of  several  steps» 
and  involving  several  properties  of  Conic  Sections;  these 
properties  being  supposed  to  be  previously  established  by 
a  geometrical  system  of  demonstration  on  the  special 
subject  of  the  Conic  Sections.  In  this  and  similar  cases 
the  Induction  involves  many  steps  of  Deduction.  And 
in  such  cases,  although  the  Inductive  step,  the  Invention 
of  the  Conception,  is  really  the  most  important,  yet  since, 
when  once  made,  it  occupies  a  familiar  place  in  men's 
minds ;  and  since  the  Deductive  Demonstration  is  of  con- 
siderable length  and  requires  intellectual  effort  to  follow 
it  at  every  step ;  men  often  admire  the  deductive  part  of 
the  proposition,  the  geometrical  or  algebraical  demonstra- 
tion, far  more  than  that  part  in  which  the  philosophical 
merit  really  resides. 

18.  Deductive  reasoning  is  virtually  a  collection  of 
syllogisms,  as  has  already  been  stated ;  and  in  such  rea- 
soning, the  general  principles,  the  Definitions  and  Axioms, 
necessarily  stand  at  the  beginning  of  the  demonstration. 
In  an  inductive  inference,  the  Definitions  and  Principles 
are  the  final  resuU  of  the  reasoning,  the  ultimate  effect  of 
the  proof.  Hence  when  an  Inductive  Proposition  is  to 
be  established  by  a  proof  involving  several  steps  of 
demonstrative  reasoning,  the  enunciation  of  the  Proposi- 
tion will  contain,  explicitly  or  implicitly,  principles  which 
the  demonstration  proceeds  upon  as  axioms,  but  which 
are  really  inductive  inferences.  Thus  in  order  to  prove 
that  the  force  which  retains  a  planet  in  an  ellipse  varies 
inversely  as  the  square  of  the  distance,  it  is  taken  for 
granted  tbat  the  Laws  of  Motion  are  true,  and  that 
they  apply  to  the  planets.     Yet  the  doctrine  that  this 
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is  80,  as  well  as  the  law  of  the  force,  were  established 
onlj  by  this  and  the  like  demonstrations.  The  doctrine 
which  is  the  hypothesis  of  the  deductive  reasoning, 
is  the  inference  of  the  inductive  process.  The  special 
facts  which  are  the  basis  of  the  inductive  inference,  are 
the  conclusion  of  the  train  of  deduction.  And  in  this 
manner  the  deduction  establishes  the  induction.  The 
principle  which  we  gather  from  the  facts  is  true,  because 
the  facts  can  be  derived  from  it  by  rigorous  demonstra- 
tion. Induction  moves  upwards  and  deduction  down- 
wards  on  the  same  stair. 

But  still  there  is  a  great  difference  in  the  character 
of  their  movements.  Deduction  descends  steadily  and 
methodically,  step  by  step :  Induction  mounts  by  a  leap 
which  is  out  of  the  reach  of  method.  She  bounds  to  the 
top  of  the  stair  at  once ;  and  then  it  is  the  business  of 
Deduction,  by  trying  each  step  in  order,  to  establish  the 
solidity  of  her  companion's  footing.  Yet  these  must  be 
processes  of  the  same  mind.  The  Inductive  Intellect 
makes  an  assertion  which  is  subsequently  justified  by 
demonstration;  and  it  shows  its  sagacity,  its  peculiar 
character,  by  enunciating  the  proposition  when  as  yet  the 
demonstration  does  not  exist :  but  then  it  shows  that  it  is 
sagacity,  by  also  producing  the  demonstration. 

It  has  been  said  that  inductive  and  deductive  reason- 
ing are  contrary  in  their  scheme  ;  that  in  Deduction  we 
infer  particular  from  general  truths;  while  in  Induction 
we  infer  general  from  particular :  that  Deduction  consists 
of  many  steps,  in  each  of  which  we  apply  known  general 
propositions  in  particular  cases;  while  in  Induction  we  have 
a  single  step,  in  which  we  pass  from  many  particular  truths 
to  one  general  proposition.  And  this  is  truly  said ;  but 
though  contrary  in  their  motions,  the  two  are  the  operation 
of  the  same  mind  travelling  over  the  same  ground.  De- 
duction is  a  necessary  part  of  Induction.     Deduction 

VOL.  II.  s 
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justifies  by  calculation  what  Induction  had  happily  guessed. 
Induction  recognizes  the  ore  of  truth  by  its  weight; 
Deduction  confirms  the  recognition  by  chemical  analysis. 
Every  step  of  Induction  must  be  qonfirmed  by  rigorous 
deductive  reasoning,  followed  into  such  detail  as  the  nature 
an4  complexity  of  the  relations  (whether  of  quantity  or 
^,^J  other)  render  requisite.  If  not  so  justified  by  the 
supposed  discoverer,  it  is  wi  Induction. 

19.  Such  Tabular  arrangements  of  propositions  as  we 
have  constructed  may  be  considered  as  the  Criterion  of 
Truth  for  the  doctrines  which  they  include.  They  are 
the  Criterion  of  Induptiye  Truth,  in  the  san^e  sense  in 
which  Syllogistic  Demonstration  is  the  Criterion  of 
Necessary  Truth, — of  the  certainty  of  conclusions,  dor 
pending  upon  evident  First  Principles.  And  that  such 
Tables  are  really  a  Cri^ierion  of  the  truth  of  the  proposi- 
tions which  they  contain,  will  be  plain  by  examining 
their  structure.  For  if  the  connexion  which  the  indue- 
tive  process  assumes  be  ascertained  to  be  in  each  case 
real  and  true,  the  assertion  of  the  general  proposition 
merely  collects  together  ascertained  truths ;  and  in  like 
manner  each  of  those  more  particular  propositions  is  true, 
because  it  merely  expresses  collectively  more  special 
facts :  so  that  the  piost  general  theory  is  only  the  asser- 
tion of  a  great  body  of  &cts,  duly  classified  and  subordi- 
nated. When  we  assert  the  truth  of  the  Cppernican 
theory  of  the  motions  of  the  solar  system,  or  of  the  New- 
toniq.n  theory  of  the  forces  by  whiclji  they  are  caused,  we 
merely  assert  the  groups  of  propositions  which,  in  the 
Table  of  Astronomical  Induction,  are  included  in  these 
doctrines ;  and  ultimately,  we  may  consider  ourselves  as 
merely  asserting  at  once  ao  many  Facts,  and  thereforie,  of 
course>  expressing  an  indisputable  truth. 

20.  At  any  one  of  these  steps  of  Induction  in  the 
Table,  the  inductive  pf*oposition  is  a  Themy  with  regard 
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to  the  Facts  which  it  includes,  wliile  it  is  to  be  looked 
upon  as  a  Fact  with  respect  to  the  higher  generalizations 
in  which  it  is  included.  In  any  other  sense,  as  was 
formerly  shown,  the  opposition  of  Fact  and  Theory  is 
untenable,  and  leads  to  endless  perplexity  and  debate. 
Is  it  a  Fact  or  a  Theory  that  the  planet  Mars  reyolyes  in 
an  Ellipse  about  the  Sun?  Tp  Keplpr,  employed  in 
endeavouring  tp  combine  the  i?eparate  observations  by  the 
conception  of  an  Ellipse,  it  is  a  Thepry;  to  Newton, 
engaged  in  inferring  the  law  of  force  from  a  knowledge 
of  the  elliptical  motion,  it  is  a  Fact.  There  are,  as  we 
have  already  seen,  no  special  attributes  of  Thepry  and 
Fact  which  distinguish  them  from  one  another.  Fapta 
are  phenomena  apprehended  by  the  aid  of  conception9 
a^d  mental  acts,  as  Theories  alsp  are.  y^f^  cpmnioi^Iy 
call  our  observations  Facts,  when  we  apply,  without  effprt 
or  consciousness,  conceptions  perfectly  familiar  to  us: 
wbile  we  speak  of  "Pieories,  whien  we  have  previously 
contemplated  the  Facts  and  the  connecting  Conception 
separately,  and  have  made  the  connexipn  by  a  conscious 
mental  act.  The  real  difference  is  a  difference  of  relation; 
as  the  same  proposition  in  a  demonstration  is  the  premiss 
of  one  syllogism  and  the  condmion  in  another ; — as  the 
same  person  is  a  father  and  a  son.  Propositions  aris  ^p'acts 
and  Theories,  according  as  they  stand  above  or  below  the 
Inductive  Brackets  of  pur  Tables. 

21.  To  obviate  mistakes  I  may  remark  that  the  terffis 
high&i'  and  lower^  when  used  of  generalizations,  are  un- 
avoidably represented  by  their  opposites  in  our  Inductivp 
Tables.  The  highest  generalization  is  that  which  includes 
all  others ;  and  this  stands  the  lowest  on  our  page,  becausj^, 
reading  downwards,  that  is  the  place  which  we  last  reaclj. 

There  is  a  distinction  of  the  knowledge  acquired  by 
Scientific  Induction  into  two  kinds,  which  is  so  important 
that  we  shall  consider  it  in  the  succeeding  chapter. 

s  2 
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Chapter  VII. 
OF  LAWS  OF  PHENOMENA  AND  OF  CAUSES. 

1.  In  the  first  attempts  at  acquiring  an  exact  and 
connected  knowledge  of  the  appearances  and  operations 
which  nature  presents,  men  went  no  further  than  to  learn 
what  takes  place,  not  wAi/  it  occurs.  They  discovered  an 
Order  which  the  phenomena  follow,  Rules  which  they 
obey ;  but  they  did  not  come  in  sight  of  the  Powers  by 
which  these  rules  are  determined,  the  Causes  of  which 
this  order  is  the  effect.  Thus,  for  example,  they  found 
that  many  of  the  celestial  motions  took  place  as  if  the 
sun  and  stars  were  carried  round  by  the  revolutions  of 
certain  celestial  spheres;  but  what  causes  kept  these 
spheres  in  constant  motion,  they  were  never  able  to 
explain.  In  like  manner  in  modern  times,  Kepler  dis* 
covered  that  the  planets  describe  ellipses,  before  New- 
ton explained  why  they  select  this  particular  curve,  and 
describe  it  in  a  particular  manner.  The  laws  of  reflection, 
refraction,  dispersion,  and  other  properties  of  light  have 
long  been  known ;  the  causes  of  these  laws  are  at  present 
under  discussion.  And  the  same  might  be  said  of  many 
other  sciences..  The  discovery  of  the  Laws  of  Phenomena 
is,  in  all  cases,  the  first  step  in  exact  knowledge ;  these 
Laws  may  often  for  a  long  period  constitute  the  whole  of 
our  science ;  and  it  is  always  a  matter  requiring  great 
talents  and  great  efforts,  to  advance  to  a  knowledge  of 
the  Causes  of  the  phenomena. 

Hence  the  larger  part  of  our  knowledge  of  nature,  at 
least  of  the  certain  portion  of  it,  consists  of  the  know- 
ledge of  the  Laws  of  Phenomena.  In  Astronomy  indeed, 
besides  knowing  the  rules  which  guide  the  appearances, 
and  resolving  them  into  the  real  motions  from  which  they 
arise,  we  can  refer  these  motions  to  the  forces  which  pro* 
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duce  them.  In  Optics,  we  have  become  acquainted  with 
a  vast  number  of  laws  by  which  varied  and  beautiful 
phenomena  are  governed ;  and  perhaps  we  may  assume, 
since  the  evidence  of  the  undulatory  theory  has  been  so 
fully  developed,  that  we  know  abp  the  Causes^  of  the 
Phenomena.  But  in  a  large  class  of  sciences,  while  we 
have  learnt  many  Laws  of  Phenomena,  the  causes  by 
which  these  are  produced  are  still  unknown  or  disputed. 
Are  we  to  ascribe  to  the  operation  of  a  fluid  or  fluids, 
and  if  so,  in  what  manner,  the  facts  of  heat,  magnetism, 
electricity,  galvanism  ?  What  are  the  forces  by  which 
the  elements  of  chemical  compounds  are  held  together  ? 
What  are  the  forces,  of  a  higher  order,  as  we  cannot  help 
believing,  by  which  the  course  of  vital  action  in  organized 
bodies  is  kept  up  ?  In  these  and  other  cases,  we  have 
extensive  departments  of  science;  but  we  are  as  yet 
unable  to  trace  the  efiects  to  their  causes;  and  our 
science,  so  far  as  it  is  positive  and  certain,  consists 
entirely  of  the  laws  of  phenomena. 

2.  In  those  cases  in  which  we  have  a  division  of  the 
science  which  teaches  us  the  doctrine  of  the  causes,  as 
well  as  one  which  states  the  rules  which  the  effects  fol- 
low, I  have  distinguished  the  two  portions  of  the  science 
by  certain  terms,  I  have  thus  spokien  of  Formal  Astro- 
nomy and  Physical  Astronomy.  The  latter  phrase  has  long 
been  commonly  employed  to  describe  that  department 
of  Astronomy  which  deals  with  those  forces  by  which  the 
heavenly  bodies  are  guided  in  their  motions ;  the  former 
adjective  appears  well  suited  to  describe  a  collection  of 
rules  depending  on  those  ideas  of  space,  time,  position, 
number,  which  are,  as  we  have  already  said,  the  forms  of 
our  apprehension  of  phenomena.  The  laws  of  phenomena 
may  be  considered  as  formulcs^  expressing  results  in 
terms  of  those  ideas.  In  like  manner,  I  have  iipoken  of 
Formal  Optics  and  Physical  Optics ;   the  laitter  division 
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including  all  speculations  concerning  the  machinery  by 
Ifrhifch  the  effects  are  jlroduced.  Formal  Acoustics  and 
Phyiicftl  AfeoiiStics  Iriay  be  distinguished  in  like  manner, 
although  these  two  portions  of  Science  have  been  a  good 
dfeal  mit^d  together  by  rtiost  of  those  who  have  treated 
bf  thbth.  Formal  lliermcltics,  the  knowledge  of  the  laws 
of  the  phenoihena  of  heat,  otight  in  like  manner  to  leAd 
to  Physical  Theriiiotics,  Or  the  Theory  of  Heat  with 
reftil*te'nfeb  ttt  the  mddB  iii  ti^hich  its  effects  are  produced ; 
-^a  branch  df  science  wliit^h  aS  yet  can  hardly  be  said  to 
^iiSt. 

8.  What  kinds  of  cause  are  we  to  admit  in  science ! 
T*hi8  is  fen  important,  atld  by  rlo  lileanS  aii  easy  question. 
In  OMW  td  aiistrer  it,  we  must  consider  in  what  maiiriel' 
Onr  prbgfress  iii  the  knowledge  of  causes  has  hitherto  beeii 
iftide.  By  fhr  the  most  conspicuous  instance  df  sticcesS 
in  subh  refleai^hes,  is  the  discoveiry  of  the  causes  of  the 
Indtlons  of  the  heavenly  bodies.  In  this  case,  after  the 
formal  laws  of  the  motions, — ^their  conditions  as  tb  space 
and  time, — had  become  known,  men  were  enibled  to  go 
ft  step  further ;  to  reduce  them  to  the  familiar  and  general 
cause  of  motion — ^mechanical  force;  and  to  determine 
thb  laws  which  this  force  follows.  That  this  was  a  Step 
in  addition  to  the  knowledge  previously  possessed,  and 
that  it  ivaS  ft  real  and  peculiar  truth,  will  not  be  contested. 
And  a  step  in  aty  other  subject  which  should  be  atialo- 
gohs  to  this  in  astronotny }— -a  discovery  of  causes  and 
fbrces  as  certain  ftnd  clear  as  the  discovery  of  universill 
gratitation ;— ^wonld  undoubtedly  be  a  vast  advance 
upon  a  body  of  sdence  consisting  only  of  the  laws  of 
phenonieniL 

4.  But  although  physical  astronomy  may  well  be 
taken  as  a  standard  in  estimating  the  value  and  magni* 
tude  of  the  advance  from  the  knowledge  of  ])henomena 
to  the  knowledge  of  causes ;  the  peculiar  features  of  the 
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transition  from  formal  to  physical  science  in  that  subject 
must  iidt  be  allowed  to  limit  too  narrowly  our  Tiews  of 
the  nature  of  this  transition  in  other  cases.  We  are  not, 
for  e±atti|)le,  to  cclnsider  that  the  step  which  leads  us  to 
the  knowlfedge  of  causes  iri  any  province  of  liatiire  tiiust 
hecessaiily  cbhsist  ih  the  discovery  of  centres  of  forces, 
hhO.  cdlledtionS  of  such  centres,  bjr  which  the  effects  are 
produced.  The  disfcovery  of  the  causes  of  phenomena 
riiAy  imjily  this  detection  of  a  fluid  by  whose  undulations, 
dr  olhel*  operations,  the  teisults  are  occasioned.  The  phe- 
hdinena  of  acoustics  are,  we  know,  produced  in  this 
manner  by  the  air ;  and  in  the  cases  of  light,  heat,  mag- 
netisthj  ahd  others,  even  if  we  reject  all  the  theories  of 
such  fluids  which  have  hitherto  been  proposed,  we  still 
cahnbt  deny  that  such  theories  are  intelligible  and  pos- 
sible; as  the  discussions  concerning  them  have  shown. 
Nor  can  it  be  doubted  that  if  the  assumption  of  such 
a  fluid,  in  any  case,  were  as  well  evidenced  as  the  doctrine 
of  universal  gravitatidh  is,  it  must  be  considered  as  a 
highly  valuable  theory. 

5.  But  again ;  not  only  must  we,  in  aiming  at  the 
fortnatioil  of  a  Causal  Section  in  each  Science  of  Pheno- 
mena, consider  fluids  and  their  various  modes  of  operation 
admissible;  as  well  as  centres  of  mechahical  force ;  but 
we  must  be  prepared,  if  it  be  necessary,  to  consider  the 
forces,  or  powers  to  which  we  riefer  the  phenomeila,  under 
still  ihdre  general  aspects,  and  invested  with  characters 
difffereiit  from  mere  mechanical  force.  For  example ;  the 
fdi-ces  by  which  the  chemical  elements  of  bodies  are 
bdiind  together,  and  from  which  arise,  both  their  sensible 
teitiire,  their  crystalline  form,  and  their  chemical  compo- 
sition, are  certainly  forces  of  a  very  different  nature  from 
the  mere  attraction  of  matter  according  to  its  mass.  The 
powers  of  assimilation  and  reproduction  in  plants  and 
animals  ate  obviously  still  more  removed   from   mere 
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mechanism;  yet  these  powers  are  not  on  that  account 
less  real,  nor  a  less  fit  and  worthy  subject  of  scientific 
inquiry. 

6.  In  fact,  these  forces — ^mechanical,  chemical  and 
vital, — as  we  advance  from  one  to  the  other,  each  bring 
into  our  consideration  new  characters;  and  what  these 
characters  are,  has  appeared  in  the  survey  which  we  have 
made  of  the  Fundamental  Ideas  of  the  various  sciences. 
It  was  then  shown  that  the  forces  by  which  chemical 
effects  are  produced  necessarily  involve  the  Idea  of 
Polarity,— they  are  polar  forces;  the  particles  tend 
together  in  virtue  of  opposite  properties  which  in  the 
combination  neutralize  each  other.  Hence,  in  attemping 
to  advance  to  a  theory  of  Causes  in  chemistry,  our  task  is 
by  no  means  to  invent  laws  of  mechanical  force,  and  col- 
lections of  forces,  by  which  the  effects  may  be  produced. 
We  know  beforehand  that  no  such  attempt  can  succeed. 
Our  aim  must  be  to  conceive  such  new  kinds  of  force, 
including  polarity  among  their  characters,  as  may  best 
render  the  results  intelligible.^ 

7.  Thus  in  advancing  to  a  Science  of  Cause  in 
any  subject,  the  labour  and  the  struggle  is,  not  to  ana- 
lyse the  phenomena  according  to  any  preconceived  and 
already  familiar  ideas,  but  to  form  distinctly  new  concep- 
tions, such  as  do  really  carry  us  to  a  more  intimate  view 
of  the  processes  of  nature.  Thus  in  the  case  of  astro- 
nomy, the  obstacle  which  deferred  the  discovery  of  the 
true  causes  from  the  time  of  Kepler  to  that  of  Newton, 
was  the  difficulty  of  taking  hold  of  mechanical  concep- 
tions and  axioms  with  sufficient  clearness  and  steadiness ; 
which,  during  the  whole  of  that  inten^al,  mathematicians 
were  learning  to  do.  In  the  question  of  causation  which 
now  lies  most  immediately  in  the  path  of  science,  that  of 
the  causes  of  electrical  and  chemical  phenomena,  the 
business  of  rightly  fixing  and  limiting  the  conception  of 
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polarity,  is  the  proper  object  of  the  efforts  of  discoverers. 
Accordingly  a  large  portion  of  Mr.  Faraday's  recent 
labours*  is  directed,  not  to  the  attempt  at  discovering 
new  laws  of  phenomena,  but  to  the  task  of  throwing  light 
upon  the  conception  of  polarity,  and  of .  showing  how  it 
must  be  understood,  so  that  it  shall  include  electrical 
induction  and  other  phenomena,  which  have  commonly 
been  ascribed  to  forces  acting  mechanically  at  a  distance. 
He  is  by  no  means  content,  nor  would  it.  answer  the  ends 
of  science  that  he  should  be,  with  stating  the  results  of 
his  experiments ;  he  is  constantly,  in  every  page,  pointing 
out  the  interpretation  of  his  experiments,  and  showing 
how  the  conception  of  polar  forces  enters  into  this  inter- 
pretation. "  I  shall,"  he  saysf,  "  use  every  opportunity 
which  presents  itself  of  returning  to  that  strong  test  of 
truth,  experiment ;  but,"  he  adds,  "  I  shall  necessarily 
have  occasion  to  speak  theoretically,  and  even  hypothe- 
tically."  His  hypothesis  that  electrical  inductive  action 
always  takes  place  by  means  of  a  continuous  line  of 
polarized  particles,  and  not  by  attraction  and  repulsion 
at  a  distance,  if  established,  cannot  fail  to  be  a  great  step 
on  our  way  towards  a  knowledge  of  causes,  as  well  as 
phenomena,  in  the  subjects  under  his  consideration. 

8.  The  process  of  obtaining  new  conceptions  is,  to 
most  minds,  far  more  unwelcome  than  any  labour  in  em- 
ploying old  ideas.  The  effort  is  indeed  painful  and 
oppressive ;  it  is  feeling  in  the  dark  for  an  object  which 
we  cannot  find.  Hence  it  is  not  surprising  that  Ave 
should  far  more  willingly  proceed  to  seek  for  new  causes 
by  ai)plying  conceptions  borrowed  from  old  ones.  Men 
were  familiar  with  solid  frames,  and  with  whirlpools  of 
fluid,  Avhen  they  had  not  learnt  to  form  any  clear  con- 

*  Eleventh,  Twelfth,  and  Thirteenth  Series  of  Researches,  Phil. 
Trans.,  1837  and  8. 
t  Art.  1310. 
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ceptiotl  of  attraction  at  a  distance.  Hence  they  at  first 
imagined  the  heavefnly  motitins  to  be  caused  by  fcrystalline 
Spheres,  And  vdrticeS,  At  length  they  were  taiight  to 
conceire  central  forces,  alid  then  they  tediicied  the  solar 
system  to  these.  But  haying  done  this,  they  fimcled  that 
all  the  rest  of  the  lUdchinety  of  nature  tnust  bti  central 
forces.  We  fihd  Newton  expressing  this  coriTiction  *, 
aild  the  mathethaticiahs  of  the  lAst  century  acted  ilpon  it 
very  extensivisily.  We  may  especially  remark  Laplace's 
kbburi^  in  this  field.  Hdvirig  explained,  by  feUch  forces,* 
thb  phenbUienA  of  capillary  attraction,  he  attempted  to 
apply  the  same  kind  of  explanation  to  the  reflection, 
rfefraction,  and  double  rbfractibn  of  light ; — ^to  the  con- 
dtitutibh  of  gases ; — the  opelition  of  heat.  It  was  sdbit 
seen  that  thfe  explanation  of  refraction  was  arbitrary,  and 
thAt  df  double  refractidil  illusory;  whilb  pdlaHzatidii 
entirely  eliided  the  grasp  of  this  machinery.  Centres  of 
fdrce  would  no  longer  represent  the  modes  of  causation 
which  belonged  to  the  phenomena.  Polarization  Inquired 
Sbme  other  cbiitrivahce,  Such  as  the  undxilatbry  theory 
supplied.  No  thedi-y  of  light  can  be  of  any  avail  in  Ti^hich 
the  fundamental  ideA  of  polarity  is  not  clearly  exhibited. 
9.  Tlie  Sciences  of  inAgnetism  and  electricity  liave 
given  rise  to  theories  in  which  this  relation  of  polarity  is 
exhibited  by  means  df  two  oppositie  fluids  f; — a  positive 
and  a  negative  fluid,  or  a  vitreous  And  a  resinous,  for  elec- 
tricity, aiid  a  boreal  and  an  austral  fluid  for  magnetism. 
The  hypothesis  of  such  fluids  gives  results  agreeing  in  a 
remarkable  manner  with  the  facts  And  their  measures,  as 
Coulomb  and  others  have  shown.  It  may  be  asked  how 
far  we  may,  in  such  a  case,  suppose  that  we  have  dis- 
covered the  true  caUse  of  the  phenomena,  and  whether  it 
is  sufliciently  proved  that  these  fluids  really  exist.     The 

*  Multa  nio  movent,  &c..  Pref.  to  the  Principia^  already  quoted, 
t  jaist.  Ind,  ScL,  iii.,  23. 
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right  answer  seems  to  be,  that  thfe  hypothesis  certaiiiljr 
represebts  the  truth  So  far  as  regards  this  polai*  relation 
of  thef  two  eitfergies,  and  the  laws  of  the  attractive  arid 
repulsive  forces  df  the  particles  in  which  these  feiiergifeS 
reside ;  but  that  we  are  ndt  entitled  to  dsstime  that  the 
vehicles  bf  these  energies  piossess  o their  attributes  of  rfiil- 
ierial  fluids,  or  that  thfe  forces  thus  ascribed  to  the  psttti- 
cles  are  the  primary  elementary  forces  from  which  thfe 
action  brigiUates.  We  arfe  thfe  mord  bound  to  place  this 
catitibuS  limit  td  our  accieptance  of  the  Cdtildmbijln  thedr^, 
since  iri  electricity  Faraday  has  in  vain  fendettvoured  to 
bring  into  view  one  of  the  polar  fluids  Without  the  other : 
whereas  such  a  result  ought  to  be  |ioSsible  if  there  were 
twd  separable  fluids.  Thfe  impossibility  of  this  separate 
exhibition  of  One  fluid  appears  to  show  that  the  fluids  are 
real  only  so  far  as  they  are  polar.  And  Faraday's  view 
above  mentioned,  according  to  which  the  attractions  at  a 
distance  are  resolved  into  the  action  of  lines  of  polarized 
particles  of  air,  appears  still  fiirther  to  show  that  the  con- 
ceptions hitherto  entertained  of  electrical  forces;  accord- 
ing to  the  Coulombian  theory,  do  not  penetrate  to  the 
rfeal  atid  intimatfe  nature  of  the  causation  belonging  to 
this  case. 

10.  Since  it  is  thus  difficult  to  knoW  when  we  have 
Sfeizfed  the  true  cause  bf  the  phenomena  in  any  depart- 
ment of  science,  it  may  appear  to  some  persons  that 
physical  inquirers  are  imprudbnt  and  unphilosophical  ih 
undiertaking  this  research  of  causes ;  and  that  it  would 
be  safer  and  wiser  to  confine  ourselves  to  the  investigatioil 
of  the  laws  of  phenomena,  in  which  field  the  knowliedge 
which  we  obtain  is  definite  and  certain.  Hence  there 
have  not  been  wanting  those  who  have  laid  it  down  as  a 
maxim  that  "  science  must  study  only  the  laws  of  phe- 
nomena, and  never  the  mode  of  production*,"     But  it  is 

*  CoMTE,  Philosophk  Positive. 
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easy  to  see  that  such  a  maxim  would  confine  the  breadth 
and  depth  of  scientific  inquiries  to  a  most  scanty  and 
miserable  limit.  Indeed,  such  a  rule  would  defeat  its 
own  object ;  for  the  laws  of  phenomena,  in  many  cases, 
cannot  be  even  expressed  or  understood  without  some 
hypothesis  respecting  their  mode  of  production.  How 
could  the  phenomena  of  polarization  have  been  conceived 
or  reasoned  upon,  except  by  imagining  a  polar  arrange- 
ment  of  particles,  or  transverse  vibrations,  or  some  equi- 
valent hypothesis  ?  The  doctHnes  of  fits  of  easy  trans- 
mission, the  doctrine  of  moveable  polarization,  and  the  like, 
even  when  erroneous  as  representing  the  whole  of  the 
phenomena,  were  still  useful  in  combining  some  of  them 
into  laws;  and  without  some  such  hypotheses  the  facts  could 
not  have  been  followed  out.  The  doctrine  of  a  fluid  caloric 
may  be  false ;  but  without  imagining  such  a  fluid,  how 
could  the  movement  of  heat  from  one  part  of  a  body  to 
another  be  conceived?  It  may  be  replied  that  Fourier, 
Laplace,  Poisson,  who  have  principally  cultivated  the 
Theory  of  Heat,  have  not  conceived  it  as  a  fluid,  but 
have  referred  conduction  to  the  radiation  of  the  mole- 
cules of  bodies,  which  they  suppose  to  be  separate  points. 
But  this  molecular  constitution  of  bodies  is  itself  an 
assumption  of  the  mode  in  which  the  phenomena  are 
produced ;  and  the  radiation  of  heat  suggests  inquiries 
concerning  a  fluid  emanation,  no  less  than  its  conduction 
does.  In  like  manner,  the  attempts  to  connect  the  laws 
of  phenomena  of  heat  and  of  gases,  have  led  to  hypo- 
theses respecting  the  constitution  of  gases,  and  the  com- 
bination of  their  particles  with  those  of  caloric,  which 
hypotheses  may  be  false,  but  are  probably  the  best  means 
of  discovering  the  truth. 

To  debar  science  from  inquiries  like  these,  on  the 
ground  that  it  is  her  business  to  inquire  into  facts,  and 
not  to  speculate  about  causes,  is  a  curious  example  of 
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that  barren  caution  which  hopes  for  truth  without  daring 
to  venture  upon  the  quest  of  it.  This  temper  would 
have  stopped  with  Kepler's  discoveries,  and  would  have 
refused  to  go  on  with  Newton  to  inquire  into  the  mode 
in  which  the  phenomena  are  produced.  It  would  have 
stopped  with  Newton's  optical  facts,  and  would  have 
refused  to  go  on  with  him  and  his  successors  to  inquire 
into  the  mode  in  which  these  phenomena  are  produced. 
And,  as  we  have  abundantly  shown,  it  would,  on  that 
very  account,  have  failed  in  seeing  what  the  phenomena 
really  are. 

In  many  subjects  the  attempt  to  study  the  laws  of 
phenomena,  independently  of  any  speculations  respecting 
the  causes  which  have  produced  them,  is  neither  possible 
for  human  intelligence  nor  for  human  temper.  Men 
cannot  contemplate  the  phenomena  without  clothing  them 
in  terms  of  some  hypothesis,  and  will  not  be  schooled  to 
suppress  the  questionings  which  at  every  moment  rise  up 
within  them  concerning  the  causes  of  the  phenomena. 
Who  can  attend  to  the  appearances  which  come  under 
the  notice  of  the  geologist ; — strata  regularly  bedded,  full 
of  the  remains  of  animals  such  as  now  live  in  the  depths 
of  the  ocean,  raised  to  the  tops  of  mountains,  broken, 
contorted,  mixed  with  rocks  such  as  still  flow  from  the 
mouths  of  volcanos ; — ^who  can  see  phenomena  like  these, 
and  imagine  that  he  best  promotes  the  progress  of  our 
knowledge  of  the  earth's  history,  by  noting  down  the 
facts,  and  abstaining  from  all  inquiry  whether  these  are 
really  proofs  of  past  states  of  the  earth  and  of  subten*aneou8 
forces,  or  merely  an  accidental  imitation  of  the  effects  of 
such  causes  ?  In  this  and  similar  cases,  to  proscribe  the 
inquiry  into  causes  would  be  to  annihilate  the  science. 

Finally,  this  caution  does  not  even  gain  its  own  single 
end,  the  escape  from  hypotheses.  For,  as  we  have  said, 
those  who  wiU  not  seek  for  new  and  appropriate  causes 
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of  new)y-Btudied  phenomena,  are  almost  inevitably  led 
to  ascribe  the  %cts  to  modifications  of  causes  already 
familiar.  They  may  declare  that  they  will  not  hear  of 
such  causes  as  vital  powers,  elective  affinities,  electric,  or 
calorific,  or  luminiferous  ethers  or  fluids  ;  but  they  will  nof; 
the  less  on  that  account  assume  hypotheses  equally  un- 
authorized; for  instance — universal  mechanical  forces;  a 
molecular  constitution  of  bodies ;  solid,  hard,  inert  mat- 
|;er; — and  will  apply  these  hypotheses  in  a  manner  which  is 
arbitrary  in  itself  as  well  as  quite  insufficient  for  it9  purpose. 

11.  It  appears,  then,  to  be  required,  both  by  the 
analogy  pf  the  i^ost  successful  efforts  of  science  i|i  past 
ti^nes  and  by  the  irrepressible  speculative  powers  of  the 
hupiian  mind,  that  we  should  attempt  to  discover  both 
the  laws  of  jflienomma^  and  their  causes.  In  every 
jdepartment  qf  science,  \?hen  prosecuted  far  enough,  thesp 
two  great  steps  of  investigation  must  succeed  each  other. 
The  laws  of  phenomena  must  be  known  before  wc  can 
speculate  concerning  causes ;  the  causes  must  be  inquired 
into  when  the  phenomena  have  been  reducpd  to  rule. 
In  both  these  speculations  the  suppositions  and  concep- 
tiqns  which  occur  must  be  constantly  tested  by  reference 
to  observation  and  experiment.  In  both  we  must,  as  far 
as  possible,  devise  hypotheses  which,  when  we  thus  test 
them,  display  those  characters  of  truth  of  which  we  have 
already  spoken ; — an  agreement  with  facts  such  as  will 
stand  the  most  patient  and  rigid  inquiry ;  a  provision  for 
predicting  truly  the  results  of  untried  cases ;  a  consilience 
of  inductions  from  various  classes  of  facts ;  and  a  pro- 
gressive tendency  of  the  scheme  to  simplicity  and  unity. 

12.  We  shall  attempt  hereafter  to  give  several  rules 
of  a  more  precise  and  detailed  kind  for  the  discovery 
of  the  causes,  and  still  more,  of  the  laws  of  phe- 
pomena.  But  it  will  be  useful  in  the  first  place  to  point 
out  the  Classification  of  the  Sciences  which  results  from 
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the  principles  already  establishecl  in  this  work.  And 
fof  this  purpose  we  must  previously  decide  the  question, 
whether  the  practical  Arts,  as  Medicine  and  ]Sngineering, 
iQUSt  be  included  in  our  list  of  Sciences. 


Chapter  VIII. 
OF  ART  AND  SCIENCE. 


1.  The  distiaction  of  Arts  and  Spjpnceg  very  fliatp.- 
rially  affects  all  class^ficatipns  of  the  deparj^n^jeqjts  of  ^i;:- 
m^p  Knowledge.  It  is  pftiep  f)iaintaine(|;  jexpressly  qj: 
tapitly,  that  the  Arts  are  a  part  pf  our  knpwl(^dgp;  ip  tl^e 
s^e  sense  in  whipli  the  Sciences  are  sp ;  and  that  Ar^ 
is  the  applicatipp  of  Scfence  to  the  purposes  pf  practical 
life.  It  will  be  found  that  these  views  require  some 
correction,  when  we  understand  fScience  ip  the  exact  sense 
iij  which  \f e  hj^ve  throughput  endeavoured  to  contemplate 
it,  and  in  which  alone  our  exaniination  of  its  nature  can 
instri^ct  us  in  t]ie  true  foundations  of  pur  knowledge. 

"Vyjien  we  cast  our  eyes  upon  the  early  stages  of  the 
l^fstpries  of  nations,  wp  cannot  fail  to  be  struck  with  the 
consideration,  that  ij^  many  cpuntrips  the  Arts  of  life 
already  appear,  at  least  in  sprae  rude  fpnn  or  other, 
wl^en,  as  yet,  pothijig  of  science  exists.  A  practical 
knowledge  pf  astronomy  such  as  enables  theni  to  reckpn 
months  and  years,  is  found  among  all  natipns  except  the 
mere  savages.  A  practical  knowledge  pf  mechanics  must 
have  existed  in  those  nations  which  have  left  us  the 
gigantic  monuments  of  early  architecture.  The  pyramids 
and  temples  of  Egypt  and  Nubia,  the  Cyclopean  walls 
of  Italy  and  Greece,  the  temples  of  Magna  Graecia  and 
Sicily,  the  obelisks  and  edifices  of  India,  the  cromlechs 
and  Druidical  circles  of  countries  formerly  Celtic, — ^must 
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have  demanded  no  small  practical  mechanical- skill  ^nd 
power.  Yet  those  modes  of  reckoning  time  must  hi^ve 
preceded  the  rise  of  speculative  astronomy;  these  striio- 
tures  must  have  been  erected  before  the  theory  of  me-> 
chanics  was  known.  To  suppose,  as  some  have  done, 
a  great  body  of  science,  bow  lost,  to  have  existed  in  the 
remote  ages  to  which  these  remains  belong,  is  not  only 
quite  gratuitous  and  contrary  to  all  analogy,  but  is  a 
supposition  which  cannot  be  extended  so  far  as  to  explain 
all  such  cases.  For  it  is  impossible  to  imagine  that  evety 
art  has  been  preceded  by  the  science  which  renders  a 
reason  for  its  processes.  Certainly  men  formed  wine  from 
the  grape,  before  they  possessed  a  science  of  fermentation ; 
the  first  instructor  of  every  artificer  in  brass  and  iron 
can  hardly  be  supposed  to  have  taught  the  chemistry  of 
metals  as  a  science ;  the  inventor  of  the  square  and  the 
compasses  had  probably  no  more  knowledge  of  demon- 
strated geometry  than  have  the  artisans  who  now  use  those 
implements;  and  finally  the  use  of  speech,  the  employment 
of  the  inflections  and  combinations  of  words,  must  needs 
be  assumed  as  having  been  prior  to  any  general  view  of  the 
nature  and  analogy  of  language.  Even  at  this  moment, 
the  greater  part  of  the  arts  which  exist  in  the  world  are  not 
accompanied  by  the  sciences  on  which  they  theoretically 
depend.  Who  shall  state  to  us  the  general  chemical  truths 
to  which  the  manufactures  of  glass,  and  porcelain,  and  iron, 
and  brass,  owe  their  existence  ?  Do  not  almost  all  arti- 
sans practise  many  successful  artifices  long  before  science 
explains  the  ground  of  the  process  ?  Do  not  arts  at  this 
day  exist,  in  a  high  state  of  perfection,  in  countries  in 
which  there  is  no  science,  as  China  and  India  ?  These 
countries  and  many  others  have  no  theories  of  mecha- 
nics, of  optics,  of  chemistry,  of  physiology;  yet  they 
construct  and  use  mechanical  and  optical  instruments, 
make  chemical  combinations,  take  advantage  of  physio- 
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logical  laws.  It  is  too  evident  to  need  further  illustra- 
tion that  art  may  exist  without  science; — ^that  it  has 
usually  been  anterior  to  it,  and  even  now  commonly  ad- 
vances independently,  leaving  science  to  follow  as  it  ban. 
2.  We  here  mean  by  Science,  that  exact,  general, 
speculative  knowledge,  of  which  we  have,  throughout 
this  work,  been  endeavouring  to  exhibit  the  nature  and 
rules.  Between  such  science  and  the  practical  Arts  of 
life,  the  points  of  difference  are  sufficiently  manifest. 
The  object  of  Science  is  Knowledge ;  the  object  of  Art 
are  Works.  The  latter  is  satisfied  with  producing  its 
material  results ;  to  the  former,  the  operations  of  matter, 
whether  natural  or  artificial,  are  interesting  only  so  far  as 
they  can  be  embraced  by  intelligible  principles.  The 
end  of  art  is  the  beginning  of  science;  for  when  it  is 
seen  what  is  done,  then  comes  the  question  tchy  it  is  done. 
Art  may  have  fixed  general  rules,  stated  in  words ;  but 
she  has  these  merely  as  means  to  an  end :  to  Science, 
the  propositions  which  she  obtains  are  each,  in  itself,  a 
sufficient  end  of  the  effort  by  which  it  is  acquired.  When 
Art  has  brought  forth  her  product,  her  task  is  finished ; 
Science  is  constantly  led  by  one  step  of  her  path  to 
another.  Each  proposition  which  she  obtains  impels  her 
to  go  onwards  to  other  propositions  more  general,  more 
profound,  more  simple.  Art  puts  elements  together, 
without  caring  to  know  what  they  are,  or  why  they 
coalesce.  Science  analyses  the  compound,  and  at  every 
such  step  strives  not  only  to  perform,  but  to  imderstand 
the  analysis.  Art  advances  in  proportion  as  she  becomes 
able  to  bring  forth  products  more  multiplied,  more 
complex,  more  various ;  but  Science,  straining  her  eyes  to 
penetrate  more  and  more  deeply  into  the  nature  of  things, 
reckons  her  success  in  proportion  as  she  sees,  in  all  the 
phenomena,  however  multiplied,  complex,  and  varied,  the 
results  of  one  or  two  simple  and  general  laws. 

VOL.  II.  T 
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' '  3.  There  are  many  acts  which  man,  as  well  as  animals; 
performs  bjr  the  guidance  of  nature,  without  seeing  or 
seeking  the  reason  why  he  does  so ;  as  the  acts  by  which 
he  balances  himself  in  standing  or  moving,  and  those  by 
which  he  judges  of  the  ibrm  and  position  of  the  olrfects 
around  him.  These  actions  have  their  reason  in  the 
principles  of  geometry  and  mechanics ;  but  of  such  rea« 
sons  he  who  thus  acts  is  unaware:  he  works  blindly^ 
under  the  impulse  of  an  unknown  principle  which  we  call 
Imtincf.  When  man's  speculative  nature  seeks  and  finds 
the  reasons  why  he  should  act  thus  or  thus; — ^why  ho 
should  stretch  out  his  arm  to  prevent  his  falling,  or 
assign  a  certain  position  to  an  object  in  consequence  of 
the  angles  under  which  it  is  seen ; — ^he  may  perform  the 
same  actions  as  before,  but  they  are  then  done  by  the  aid 
of  a  different  fiiculty^  which,  for  the  sake  of  distinction,  we 
may  call  Insight  Instinct  is  a  purely  active  principle ;  it  is 
seen  in  deeds  alone ;  it  has  no  power  of  looking  inwards ; 
it  asks  no  questions;  it  has  no  tendency  to  discover 
reasons  or  rules ;  it  is  the  opposite  of  Insight. 

4.  Art  id  not  identical  with  Instinct :  on  the  contrary, 
there  are  broad  differences.  Instinct  is  stationary ;  Art 
is  progressive.  Instinct  is  mute ;  it  acts,  but  gives  no 
rules  for  acting :  Art  can  speak ;  she  can  lay  down  rules^ 
But  though  Art  is  thus  separate  from  Instinct,  she  is  not 
essentially  combined  with  Insight.  She  can  see  what  to 
do,  but  she  needs  not  to  see  why  it  is  done.  She  may 
lay  down  rules,  but  it  is  not  her  business  to  give  reasons. 
When  man  makes  that  his  employment,  he  enters  upon 
the  domain  of  science.  Art  takes  the  phenomena  and 
laws  of  nature  as  she  finds  them :  that  they  are  multiplied, 
complex,  capricious,  incoherent,  disturbs  her  not.  She  is 
content  that  the  rules  of  nature's  operations  should  be 
perfectly  arbitrary  and  unintelligible,  provided  they  are 
constant,  so  that  she  can  depend  upon  their  effects.     But 
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Science  is  impatient  of  nil  appearance  of  caprice^  incon- 
sistency,  irregularity,  in  nature.  She  will  not  believe  in 
the  existence  of  such  characters.  She  resolves  one  iippa» 
rent  anomaly  after  another;  her  task  is  not  ended  till 
every  thing  is  Ibo  plain  and  simple^  that  she  is  tempted  to 
believe  she  sees  that  it  c/mld  by  no  possibility  have  been 
otherwise  than  it  is. 

6.  It  may  be  said  that,  after  all,  Art  does  realljr 
involve  the  knowledge  which  Science  delivers  ;-^that  thiol 
artisan  who  raises  large  weights,  practically  knbtos  the' 
properties  of  the  mechanical  powers; — ^that  he  who 
manufactures  chemical  compounds  is  virtually  acquilinted 
with  the  laws  of  chemical  combination.  To  this  we  tejflj, 
that  it  might  on  the  same  grounds  be  asserted,  that  fad 
who  acts  upon  the  principle  that  two  sides  of  a  triitngle 
are  greater  than  the  third  is  really  toqtiainted  with  geo- 
metry; and  that  he  who  balances  himiself  on  one  fbot 
knows  the  properties  of  the  centre  of  gravity.  But  this 
is  an  acquaintance  with  geometry  and  mechanics  which 
even  brute  animals  possess.  It  is  evident  that  it  is  not 
of  such  knowledge  as  this  that  we  have  here  to  treat. 
It  is  plain  that  this  mode  of  possessing  principles  is  alto- 
gether different  from  that  contemplation  of  them  on  which 
science  is  founded.  We  neglect  the  most  essential  and 
manifest  differences^  if  we  confound  our  unconscious 
assumptions  with  our  demonstrative  reasonings. 

6.  The  real  state  of  the  case  is,  that  the  principles 
which  Art  involves^  Science  alone  evdves.  The  truths  on 
which  the  success  of  Art  depends,  lurk  in  the  artist's 
mind  in  an  undeveloped  state ;  guiding  his  hand,  stimu- 
lating his  invention,  balancing  his  judgment,  but  not 
appearing  in  the  form  of  enunciated  propositions.  Priti<- 
ciples  are  not  to  him  direct  objects  of  meditation :  they 
are  secret  Powers  of  Nature,  to  which  the  forms  which 
tenant  the  world  owe  their  constancy,  their  movements^ 
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their  cliangeSy  their  laxuriant  and  varied  growth,  but  which 
ha  can  nowhere  directly  contemplate.  That  the  creative 
and  directive  principles  which  have  thei  r  lodgment  in  the 
artist's  mind,  when  unfolded  by  our  speculative  powers 
into  systematic  shape,  become  science ,  is  true ;  but  it  is 
precisely  this  process  of  development  which  gives  to 
them  their  character  of  science.  In  practical  Art,  prin- 
ciples are  unseen  guides,  leading  us  by  invisible  strings 
through  paths  where  the  end  alone  is  looked  at :  it 
is  for  Science  to  direct  and  purge  our  vision  so  that 
these  airy  ties,  these  principles  and  laws,  generalizations 
and  theories,  become  distinct  objects  of  vision.  Many 
may  feel  the  intellectual  monitor,  but  it  is  only  to  her 
favourite  heroes  that  the  Goddess  of  Wisdom  visibly 
reveals  herself. 

7.  Thus  Art,  in  its  earlier  stages  at  least,  is  widely 
different  from  Science,  independent  of  it,  and  anterior  to 
it.  At  a  later  period,  no  doubt,  Art  may  borrow  aid 
from  Science;  and  the  discoveries  of  the  philosopher 
may  be  of  great  value  to  the  manufacturer  and  the  artist. 
But  even  then,  this  application  forms  no  essential  part  of 
the  science :  the  interest  which  belongs  to  it  is  not  an 
intellectual  interest.  The  augmentation  of  human 
power  and  convenience  may  impel  or  reward  the  physical 
philosopher;  but  the  processes  by  which  man's  repasts 
are  rendered  more  delicious,  his  journeys  more  rapid,  his 
weapons  more  terrible,  are  not,  therefore.  Science.  They 
may  involve  principles  which  are  of  the  highest  interest 
to  science ;  but  as  the  advantage  is  not  practically  more 
precious  because  it  results  from  a  beautiful  theory,  so  the 
theoretical  principle  has  no  more  conspicuous  place  in 
science  because  it  leads  to  convenient  practical  conse- 
quences. The  nature  of  science  is  purely  intellectual; 
knowledge  alone,-— exact  general  truth, — is  her  object; 
and  wc  cannot  mix  with  such  materials,  as  matters  of  the 
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same  kind,  the  merely  empirical  maxims  of  art,  without 
introducing  endless  confusion  into  the  subject,  and 
making  it  impossible  to  attain  any  solid  footing  in  our 
philosophy. 

8.  I  shall  therefore  not  place,  in  our  Classification  of 
the  Sciences,  the  Arts,  as  has  generally  been  done ;  nor 
shall  I  notice  the  applications  of  sciences  to  art,  as 
forming  any  separate  portion  of  each  science.  The 
sciences,  considered  as  bodies  of  general  speculative 
truths,  are  what  we  are  here  concerned  with ;  and  appli- 
cations of  such  truths,  whether  useful  or  useless,  are 
important  to  us  only  as  illustrations  and  examples. 
Whatever  place  in  human  knowledge  the  Practical  Arts 
may  hold,  they  are  not  Sciences.  And  it  is  only  by  this 
rigorous  separation  of  the  Practical  from  the  Theoretical, 
that  we  can  arrive  at  any  solid  conclusions  respecting  the 
nature  of  truth,  and  the  mode  of  arriving  at  it,  such  as  it 
is  our  object  to  attain. 


Chapter  IX. 
OF  THE  CLASSIFICATION  OF  SCIENCES. 

1.  The  Classification  of  Sciences  has  its  chief  use  m 
pointing  out  to  us  the  extent  of  our  powers  of  arriving  at 
truth,  and  the  analogies  which  may  obtain  between  those 
certain  and  lucid  portions  of  knowledge  Avith  which  we 
are  here  concerned,  and  those  other  portions,  of  a  very 
different  interest  iand  evidence,  which  we  here  purposely 
abstain  to  touch  upon.  The  classification  of  human 
knowledge  will,  therefore,  have  a  more  peculiar  import- 
ance when  we  can  include  in  it  the  moral,  political,  and 
metaphysical,  as  well  as  the  physical  portions  of*  our 
knowledge.    But  such  a  survey  does  not  belong  t<ji  our 
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present  undertaking:  and  a  general  view  of  the  con- 
nexion and  order  of  the  branches  of  sciences  which  our 
review  has  hitherto  included,  will  even  now  possess  some 
interest ;  and  may  serve  hereafter  as  an  introduction  to  a 
more  complete  scheme  of  the  general  body  of  human 
knowledge. 

2.  In  this,  as  in  any  other  case,  a  sound  classification 
must  be  the  result,  not  of  any  assumed  principles  impe- 
ratively applied  to  the  subject,  but  of  an  examination  of 
the  objects  to  be  classified ; — of  an  analysis  of  them 
into  the  principles  in  which  they  agree  and  differ.  The 
Classification  of  Sciences  must  result  from  the  considera- 
tion of  their  nature  and  contents.  Accordingly,  that 
review  of  the  sciences  in  which  the  History  of  them 
engaged  us,  led  to  a  Classification,  of  which  the  main 
features  are  indicated  in  that  work.  The  Classification 
thiip  obtained,  depends  neither  upon  the  fiBiculties  of  the 
mind  to  which  the  separate  parts  of  our  knowledge  owe 
their  origin,  nor  upon  the  objects  which  each  science 
contemplates ;  but  upon  a  more  natural  and  fundamental 
element; — namely,  the  Ideas  which  each  science  involves. 
The  Ideas  regulate  and  connect  the  facts,  and  are  the 
foundations  of  the  reasoning,  in  each  science :  and  having 
in  the  present  work  more  fully  examined  these  Ideas,  we 
are  now  prepared  to  state  here  the  classification  to  which 
they  lead.  If  we  have  rightly  traced  each  science  to  the 
Conceptions  which  are  really  fundamental  with  regard  to 
it^  and  which  give  rise  to  the  first  principles  on  which  it 
depends,  it  is  not  necessary  for  our  purpose  that  we 
should  decide  whether  these  Conceptions  are  absolutely 
ultimate  principles  of  thought,  or  whether,  on  the  con- 
trary, they  can  be  further  resolved  into  other  Funda- 
mental Ideas.  We  need  not  now  suppose  it  determined 
whether  or  not  Number  is  a  mere  modificatioa  of  the 
Idw  of  Time,  and  Force  a  mere  modification  of  the  Idea 
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of  Cause:  for  however  this  may  be,  our  Conception  of 
Number  is  the  foundation  of  Arithmetic,  and  our  Concep- 
tion of  Force  is  the  foundation  of  Mechanics.  It  is  to 
be  observed  also  that  in  our  classification,  each  Science 
may  involve,  not  only  the  Ideas  or  Conceptions  vtrhich  are 
placed  opposite  to  it  in  the  list,  but  also  all  Mrhich  precede 
it.  Thus  Formal  Astronomy  involves  not  only  the  Con- 
ception of  Motion,  but  also  those  which  are  the  founda- 
tion of  Arithmetic  and  Geometry.  In  like  manner. 
Physical  Astronomy  employs  the  Sciences  of  Statics  and 
Dynamics,  and  thus  rests  on  their  foundations ;  and  they, 
in  turn,  depend  upon  the  Ideas  of  Space  and  of  Time  as 
well  as  of  Cause. 

3.  We  may  further  observe,  that  this  arrangement  of 
Sciences  according  to  the  Fundamental  Ideas  which  they 
involve,  points  out  the  transition  from  those  parts  of 
human  knowledge  which  have  been  included  in  our 
History  and  Philosophy,  to  other  regions  of  speculation 
into  which  we  have  not  entered.  We  have  repeatedly 
found  ourselves  upon  the  borders  of  inquiries  of  a  psycho- 
logical, or  mora],  or  theological  nature.  Thus  the  History 
of  Physiology*  led  us  to  the  consideration  of  Life,  Sen- 
sation, and  Volition ;  and  at  these  Ideas  we  stopped,  that 
we  might  not  transgress  the  boundaries  of  our  subject  as 
then  predetermined.  It  is  plain  that  the  pursuit  of 
such  conceptions  and  their  consequences,  would  lead  us 
to  the  sciences  (if  we  are  allowed  to  call  them  sciences) 
which  contemplate  not  only  animal,  but  human  princi- 
ples of  action,  to  Anthropology  and  Psychology.  In 
other  ways,  too^  the  Ideas  which  we  have  examined, 
although  manifestly  the  foundations  of  sciences  such  as 
we  have  here  treated  of,  also  plainly  pointed  to  specula- 
tions of  a  different  order ;  thus  the  Idea  of  a  Final  Cause 
is  an  indispensable  guide  in  Biology,  as  we  have  seen ; 

•  Hist.  Ind.  ScL,  ill.  431. 
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hut  the  conception  of  Design  as  directing  the  order  of 
nature,  once  admitted,  soon  carries  us  to  higher  contem- 
plations.    Again,  the  Class  of  Palsctiological  Sciences 
ivhich  we  were  in  the  History  led  to  construct,  although 
we  there  admitted  only  one  example  of  the  Class,  namely 
Geology,  does  in  reality  include  many  vast  lines  of 
research ;   as  the  history  and  causes  of  the  diffusion  of 
plants  and  animals,  the  history  of  languages,  arts,  and 
consequently  of  civilization.    Along  with  these  researches^ 
comes  the  question  how  far  these  histories  point  back- 
wards to  a  natural  or  a  supernatural  origin ;  and  the  Idea 
of  a  First  Cause  is  thus  brought  under  our  consideration; 
Finally,  it  is  not  difficult  to  see  that  as  the  Physical 
Sciences  have  their  peculiar  goveiiiing  Ideas,  which  sup-* 
port  and  shape  them,  so  the  Moral  and  Political  Sciences 
also  must  similarly  have  their  fundamental  and  formative 
Ideas,  the  source  of  universal  and  certain  truths,  each  of 
their  proper  kind.      But  to  follow  out  the  traces  of  this 
analogy,  and  to  verify  the  existence  of  those  Fundamental 
Ideas  in  Morals  and  Politics,  is  a  task  quite  out  of  the 
sphere  of  the  work  in  which  we  are  here  engaged. 

4.  We  may  now  place  before  the  reader  our  Classifica- 
tion of  the  Sciences,  adding  in  the  list  a  few  not  belong- 
ing to  our  present  subject,  that  the  nature  of  the  transi- 
tion by  which  we  are  to  extend  our  philosophy  into 
a  wider  and  higher  region  may  be  in  some  measure 
perceived. 

We  may  observe  that  the  term  Physics^  when  confined 
to  a  peculiar  class  of  Sciences,  is  usually  understood  to 
exclude  the  Mechanical  Sciences  on  the  one  side,  and 
Chemistry  on  the  other ;  and  thus  embraces  the  Secondary 
Mechanical  and  Aualytico-Mechanical  Sciences.  But 
the  adjective  Physical  applied  to  any  science  and  opposed 
to  Formal^  as  in  Astronomy  and  Optics,  implies  those 
speculations  in  which  we  consider  not  only  the  Laws  of 
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Phenomena  but  tbeir  Causes ;  and  generally,  as  in  those 
eases,  their  Mechanical  Causes. 


ihmAuna^tMl  Idea*  or  ex- 
ceptions. 

Spilce     . 
lime     . 

Sign 
Limit    . 
Motion  . 

Cause 
Forte 
Matter  . 
Inertia  . 
FMd  Pressure 


SdencM. 

Geometry 
•        • 
Arithmetio 
Algebra 
Differentials 
Pure  Mechanism 
Formal  Astronomy 


TTIiMlflf  Hon . 


Pure  Mathematical  Sci- 
ences. 


I  Pure  Motional  Sciences. 


Statics  .        • 
Dynamics      •        • 
Hydrostatics  •        • 
Hydrodynamics     • 
Physical  Astronomy 

Outness 

Medium  of  Seneati&n    Acoustics 

Intensity  of  Qualities    Formal  Optics 

Sctiles  of  Qualities  .        Physical  Optics 

Thermotics    . 
Atmology 

Polarity         .        .        Electricity     . 

Magnetism     • 
Galvanism     • 

Element  {Composition) 

ChemiciU  Af^miy  . 


I 

J 

f 
} 


Mechanical  Sciences. 


Secondary  Mechanical  Sci- 
ences. 

(Phydcs.) 

Analytico-Mechanical  Sci- 
ences. 

(Physic&) 


Substance  {Atoms) 
Symmetry     • 
Likeness 
Decrees  0/ Likeness 

Natural  Affinity    . 

(  Vital  Powers) 

Assimilation 

Irritability 

{Organisation) 

final  Cause 

Instinct 

Emotion 

Thought 

Historical  Causation 


Cliemistry     . 
Crystallography     • 
Systematic  Mineralogy 
Systematic  Botany 
Systematic  Zoology 
CompaFative  Anatomy 


Analytical  Science. 
lAnalytlco-Claasificatory 
/    Sciences. 

ICkasificBtory  Sciences. 


ilrst  Caoae 


Biology 


Psychology 

Geology 

Distribution  of  Plants 

and  Animals 
Glossology   • 
Ethnography 
Natural  Theology. 


Oiganical  Sciences. 


J 


Palstiological  Sciences. 
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In  the  next  Book,  we  shall  trace  the  opinions  of  some 
of  the  most  eminent  writers,  respecting  the  sources  of 
our  knowledge  of  nature  and  the  rules  which  may  aid  us 
in  seeking  it.  For  the  knowledge  of  a  true  Scientific 
Method  is  a  science  resembling  other  sciences ;  and  the 
ideas  and  views  which  it  involves  have  been  in  some  mea- 
sure gradually  developed  into  clearness  and  certainty  by 
successive  attempts.  We  may,  therefore,  acquire  a  more 
confident  persuasion  of  the  right  direction  of  our  path,  by 
seeing  how  far  it  coincides  with  that  which  has  been 
pointed  out,  with  more  or  less  distinctness,  by  many  of 
the  most  sagacious  and  vigorous  intellects,  who  have 
bestowed  their  attention  upon  tliis  inquiry. 


are  such  as  fit  a       as  we  travel 
convex  surface.         or  S. 


V. 


Aristotle  >  The  Earth  is  a  GMe,  about  whic 

perforins  a  Diurnal  Revo 


*  By  the  nature  of  motion,  the  apparent  motion  if 
whether  the  Heavens  or  the  Earth  have  a  dium 
tion :  the  latter  is  simpler. 


*  Copernicus       The   Earth   and   PlaneU  revo 
to  the   Ecliptic  in  a  constant  position^   and 


(•c) 


(7/  TA  'S8C  •''  '^^^f ""'  '/X  ^^S  *0  '^°'ID  fi  r- 


'*Refl.pro-     duced  by      H'  Kxi.l.ni.-itiMr:  iin]>. :  i.-ri.    '  Refr.. 

duced  by        ftpherical  ,  duced^' 

spbericai         undul"".  of  ;  sphere 

undul"*.           diff.  vel.  for  |  ,  undul; 

diff.  colour. 


*  Mnyulu'iis,        Reflection  and  Refraction  are  p 

gation  of  undulations. 


*  Undulations   being   propagated    by   the   uniform 
elasticity  of  each  meaium. 


Undi 
prop.  1 
of  me 


ViMiiii*.         Reflection  and  single  and  ()i(f' jti 

double     Refraction    are  ^^ff^   i 

propagation   of  undula-  (axis  r 

tiona  by  crystalline  elas-  cryxfa 


Vnniiir. 


I-'icsiii'l.  Light  is  transverse 

I     on  axis,  when  crv? 


283 


BOOK  XII. 


REVIEW  OF  OPINIONS  ON  THE  NATURE  OF 
KNOWLEDGE  AND  THE  METHODS 

OF  SEEKING  IT. 


Ohapteb  I. 
INTRODUCTION. 


By  the  examination  of  the  elements  of  human  thought 
in  which  we  have  been  engaged,  and  by  a  consideration 
of  the  history  of  the  most  clear  and  certain  parts  of  our 
knowledge,  we  have  been  led  to  certain  doctrines  respect- 
ing the  progress  of  that  exact  and  systematic  knowledge 
which  we  call  Science;  and  these  doctrines  we  have 
endeavoured  to  lay  before  the  reader  in  the  preceding 
Book.  The  questions  on  which  we  have  thus  ventured 
to  pronounce  have  had  a  strong  interest  for  man,  from 
the  earliest  period  of  his  intellectual  progress,  and  have 
been  the  subjects  of  lively  discussion  and  bold  speculation 
in  every  age.  We  conceive  that  in  the  doctrines  to 
which  our  researohes  have  conducted  us,  we  have  a  far 
better  hope  that  we  possess  a  body  of  permanent  truths, 
than  the  earlier  essays  on  the  same  subjects  could  furnish. 
For  we  have  not  taken  our  examples  of  knowledge  at 
hazard,  as  earlier  speculators  did,  and  were  almost  com- 
pelled to  do ;  but  have  drawn  our  materials  from  the  vast 
store  of  unquestioned  truths  which  modem  science  offers 
to  us :  and  we  have  formed  our  judgment  concerning  the 
nature  and  progress  of  knowledge  by  considering  what 
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such  science  is,  and  how  it  has  reached  its  present  corfdi- 
tion.  But  though  we  have  Jthus  pursued  our  speculations 
concerning  knowledge  with  advantages  which  earliei- 
writers  did  not  possess,  it  is  still  both  interesting  and 
instructive  for  us  to  regard  the  opinions  upon  this  subject 
which  have  been  delivered  by  the  philosophers  of  piist 
times.  It  is  especially  interesting  to  see  some  of  the 
truths  which  we  have  endeavoured  to  expound,  gradually 
dawning  in  men's  minds,  and  assuming  the  clear  and 
permanent  form  in  which  we  can  now  contemplate  them. 
I  shall  therefore,  in  this  Book,  pass  in  review  many  of  the 
opinions  of  the  writers  of  various  ages  concerning  the 
mode  by  which  man  best  acquires  the  truest  knowledge ; 
and  I  shall  endeavour,  as  we  proceed,  to  appreciate  the 
real  value  of  such  judgments,'  and  their  place  in  the  pro- 
gress of  sound  philosophy. 

In  this  estimate  of  the  opinions  of  others,  I  shall 
be  guided  by  those  general  doctrines  which  I  have,  as  I 
trust,  established  in  the  preceding  part  of  this  work. 
And  without  attempting  here  to  give  any  summary  of 
these  doctrines,  I  may  remark  that  there  are  two  main 
principles  by  which  speculations  on  such  subjects  in  all 
ages  are  connected  and  related  to  each  other ;  namely, 
the  opposition  of  Ideas  and  Sensaimis^  and  the  distinction 
of  practical  and  speculative  knowledge.  The  opposition 
of  Ideas  and  Sensations  is  exhibited  to  us  in  the  antithe- 
sis of  Theory  and  Fact,  which  are  necessarily  considered 
as  distinct  and  of  opposite  natures,  and  yet  necessarily 
identical,  and  constituting  Science  by  their  identity.  In 
like  manner,  although  practical  knowledge  is  in  substance 
identical  with  speculative,  (for'  all  knowledge  is  specula- 
tion,) there  is  a  distinction  between  the  two  in  their 
history,  and  in  the  subjects  by  which  they  are  exemplified, 
which  distinction  is  quite  essential  in  judging  of  the  phi- 
losophical views  of  the  ancients.     The  alternatives   of 
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identity  and  diversity,  in  these  two  antitheses^  the  succes- 
sive  separation^  opposition,  and  reunion  of  principles  which 
thus  arise,  have  produced,  (as  they  may  easily  be  imagined 
capable  of  doing,)  a  long  and  varied  series  of  systems 
concerning  the  nature  of  knowledge ;  among  which  we 
shall  have  to  guide  our  course  by  the  aid  of  the  views 
already  presented. 

I  am  far  from  undertaking,  or  wishing,  to  review  the 
whole  series  of  opinions  which  thus  comes  under  our 
view;  and  I  do  not  even  attempt  to  examine  all  the 
principal  authors  who  have  written  on  such  subjects.  I 
merely  wish  to  select  some  of  the  most  considerable 
forms  which  such  opinions  have  assumed,  and  to  point 
out  in  some  measure  the  progress  of  truth  from  age  to 
age.  In  doing  this,  I  can  only  endeavour  to  seize  some 
of  the  most  prominent  features  of  each  time  and  of  each 
step ;  and  I  must  pass  rapidly  from  classical  antiquity  to 
those  which  we  have  called  the  dark  ages,  and  from  them 
to  modem  times.  At  each  of  these  periods  the  modifi- 
cations of  opinion,  and  the  speculations  with  which  they 
were  connected,  formed  a  vast  and  tangled  maze,  into 
the  byways  of  which  our  plan  does  not  allow  us  to  enter. 
We  shall  esteem  ourselves  but  too  fortunate,  if  we  can 
discover  the  single  track  by  which  ancient  led  to  modem 
philosophy. 

I  must  also  repeat  that  my  survey  of  philosophi- 
cal writers  is  here  confined  to  this  one  point, — ^their 
opinions  on  the  nature  of  knowledge  and  the  method  of 
science.  I  with  some  effort  avoid  entering  upon  other 
parts  of  the  philosophy  of  those  of  whom  I  speak;  I 
knowingly  pass  by  those  portions  of  their  speculations 
which  are  in  many  cases  the  most  interesting  and  cele- 
brated ; — their  opinions  concerning  the  human  soul,  the 
Divine  governor  of  the  world,  the  foundations  or  leading 
doctrines  of  politics,  religion,  and  general  philosophy.    I 
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am  defiirous  that  mj  reader  should  bear  this  in  mind; 
since  he  must  otherwise  he  offended  with  the  scanty  and- 
partial  view  which  I  give  in  this  place  of  the  philosophers 
whom  I  enumerate. 


Chapter  II. 
PLA1?0. 

There  would  be  small  advantage  in  beginning  our 
examination  eariier  than  the  period  of  the  Socratic 
School  at  Athens ;  for  although  the  spirit  of  inquiry  on 
such  subjects  had  awoke  in  Greece  at  an  earlier  period, 
and  although  the  peculiar  aptitude  of  the  Grecian  mind 
for  such  researches  had  shown  itself  repeatedly  in  subtle 
distinctions  and  acute  reasonings,  all  the  positire  results  of 
these  early  efforts  were  contained  in  a  more  definite  form 
in  the  reasonings  of  the  Platonic  age.  Anterior  to  that 
time,  the  Greeks  did  not  possess  plain  and  familiar  exam^^ 
pies  of  exact  knowledge^  such  as  the  truths  of  Arithmetio^ 
Geometry,  Astronomy,  and  Optics,  became  in  the  school 
of  Plato;  nor  were  the  antitheses  of  which  we  spoke 
above^  so  distinctly  and  fiilly  unfolded  as  we  find  them  in 
Plato's  works. 

The  question  which  hinges  upon  one  of  these  anti- 
theses, occupies  a  prominent  place  in  several  of  the 
Platonic  dialogues ;-— namely,  whether  our  knowledge  be 
obtained  by  means  of  Sensation  or  of  Ideas.  One  of  the 
doctrines  which  Plato  most  earnestly  inculcated  upon  his 
countrymen  was,  that  we  do  not  know  conoeming  sensible 
objects,  but  concerning  ideas.  The  first  attempts  of  the 
Greeks  at  metaphysical  analysis  had  given  rise  to  a  school 
which  maintained  that  material  objects  are  the  only 
realities.     In  opposition  to  this,  arose  another  school, 
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which  taught  that  material  objects  have  no  permanent 
reality,  but  are  ever  waxing  and  waning,  constantly 
changing  their  substance.  **And  hence,**  as  Aristotle 
says*,  "arose  the  doctrine  of  ideas  which  the  Platonists 
held.  For  they  assented  to  the  opinion  of  Heractitus, 
that  all  sensible  objects  are  in  a  constant  state  of  flux. 
So  that  if  there  is  to  be  any  knowledge  and  science,  it 
must  be  concerning  some  permanent  natures,  different 
from  the  sensible  natures  of  objects ;  for  there  can  be  no 
permanent  science  respecting  that  which  is  perpetually 
changing.  It  happened  that  Socrates  turned  his  specu* 
lations  to  the  moral  virtues,  and  was  the  first  philosopher 
who  endeavoured  to  give  universal  definitions  of  such 
matters.  He  wished  to  reason  systematically,  and  therefore 
he  tried  to  establish  definitions^  for  definitions  are  the 
basis  of  systematic  reasoning.  There  are  two  things 
which  may  justly  be  looked  upon  as  steps  in  philosophy 
due  to  Socrates;  inductive  reasonings,  and  universal  defi« 
nitions ; — both  of  them  steps  which  belong  to  the  foun- 
dations of  science.  Socrates,  however,  did  not  makci 
universals,  or  definitions  separable  from  the  objects ;  but 
his  followers  separated  them,  and  these  essences  they 
termed  Ideas.^*  And  the  same  account  is  given  by  other 
writers  f.  ^^Sorne  existences  are  sensibly  some  intelligi* 
ble :  and  according  to  Plato,  they  who  wish  to  understand 
the  principles  of  things^  must  first  separate  the  ideas  from 
the  things,  such  as  the  ideas  of  Similarity,  Unity,  Number^ 
Magnitude,  Position,  Motion :  second,  that  we  must 
assume  an  absolute  Fair,  Goodi  Just,  and  the  like :  third, 
that  we  must  consider  the  ideas  of  relation,  as  Knowledge, 
Power :  recollecting  that  the  things  which  we  perceive 
have  this  or  that  appellation  applied  to  them  because 
they  partake  of  this  or  that  Idea;  those  things  heingjmt 
which  participate  in  the  idea  of  The  Just,  those  being 

*  Metaph.y  xii.  4.  t  Dioo.  Labrt.  VU,  Plat, 
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beautiful,  yfvhiOi  cohtab  the'  idea'of  TH6  B6aii«filli^^  '-^d^ 
rt'toy  6f  tlie  ai^gtrtMentia  by  which  thiB'ac/rtrtwfeivW 
taftted  are  to  be  foimd  Wtbe  Phitdrtic  diateig^efi.''^  lilta' 
tile  bpfinion  that  true  khowledge  cohslikt^*  M  seusat^ ' 
which  had' been  asdertdrf  by  Pwrta^ohis  kiM  oth«*,i5te 
refuted 'in  thfe  TAetetdus:  and"  we  mtty'tf^,  so  vfctkii-' 
ottBlJr  refuted,  that  the  argumehts  there  'put  fortft'^hky^' 
etei*  sinee  exercised  a  strong  inflnen(5eu]pdh  the-ffjfifet^ 
latlVe  World.     It  may  beWfmarkfed  that  iri  1fh6' miM** 
of -Plato  and  of   those  itho  have  sihbe  jmStiSd^  iflrtl 
safne  paths  of  speeulatiori,  the  int6fest-  of  'sueh'^iiidbs-' 
skins  as  those  we  are  now  refeirhig^^  to;  wrts  by  tLo'tiiekbfi 
limited  to  their  bearing  Upon  mei-e  thfewy;' bWfc'WS' 
clbsely  connected  with  those  gr^t  qiiestkyns  6F  tiioMA^ 
which  have  always  a  practical  import.    Those  Who  titoen^fl^ 
that  the  only  foundation  t^f  kilowledgewassehsaiidri;- 
asserted  also  that  the  only  fbtindati^  of  virtu6^>Was ^M' 
desire  of  pleasure.    And  iU  Plato,  the  metaphy^ic^-^rt 
of  the  disquisitions  contoeming  knowledge^  in  geninlli'' 
though  independent  ill  its  principles,  ftlWayds^mistO'ibE^ 
subordinate  in  its  purpose  to  the  qtiestioiiB  eoncemin|g  tb^ 
knowledge  of  our  duty.  Jf   ^    i 

-  Since  Plato  thus  looked  upon  the  Ideas  which  Wet^^ 
involyed  in  ^ach  department  of  knowledge  as  forming  dtfl^  - 
only  essential  paart,  it  was  natuml  that  he  lAouid  l4<ok 
upon  the  study  of  Ideas  as  the  true  mode  of  pitarsning ' 
knowledge,    lliis  he  himself  describes  in  the  I%ikk$^^.  • 
"  The  best  way  of  arriving  at  trath  is  not  *very  difi^idt^  td ' 
point  out^  but  most  hard  to  pursue.  '  AU  the  arts  which 
have  ever  been  discovered,  were  revealied  in  this  mannof # 
It  is  a  gift  of  the  gods  to  man,  whieb,  as  I  conceive^  they  : 
stot  down  by  some  Prometheus,  in  a  blaze  of  light;  and  '■ 
the  ancients^'  more  clear-sighted  than  we,  ^md  less  removed 
fjpom  the  gods,  handed  down  this  traditionary  dbctrifie : 

♦  T:  H.  p;  16,  c,  dieiUeWter;  t.  v/ p.  43^  '  "' 
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tha^  whatever  is  said  to  be,  comes  of  One  aud  of  Many^ 
and  comprehends  in  itself  the  Finite  and  the  Infinite  in 
coalition  (being  one  kind,  and  consisting  of  infinite  indivi- 
duals)* And  this  being  the  state  of  things,  we  must,  in 
each  case,  endeavour  to  seize  the  One  Idea  (the  idea  of  the 
kind)  as  the  chief  point ;  for  we  shall  find  that  it  is  there. 
And  when  we  have  seized  this  one  thing,  we  may  then 
consider  how  it  comprehends  in  itself  two,  or  three,  or  any 
other  number;  and,  again,  examine  each  of  these  ramifica- 
tions separately;  till  at  last  we  perceive,  not  only  that  One 
is  at  the  same  time  One  and  Many,  but  also  how  many. 
And  when  we  have  thus  filled  up  the  interval  between 
the  Infinite  and  the  One,  we  may  consider  that  we  have 
done  with  each  one.  The  gods  then,  as  I  have  said, 
taught  us  by  tradition  thus  to  contemplate,  and  to  learn, 
and  to  teach  one  another.  But  the  philosophers  of  the 
present  day  seize  upon  the  One,  at  hazard,  too  soon  or 
too  late,  and  then  immediately  snatch  at  the  Infinite; 
but  the  intermediate  steps  escape  them,  by  which  the 
subject  is  subdivided,  so  that  it  can  be  the  subject  of  logi- 
cal exposition  and  discussion." 

It  would  seem  that  what  the  author  here  describes  as 
the  most  perfect  form  of  exposition,  is  that  which  refers 
each  object  to  its  ]^ace  in  a  classification  containing  a 
complete  series  of  subordinations,  and  which  gives  a  defi- 
nition of  each  clasa  We  have  repeatedly  remarked  that, 
in  sciences  of  classification,  each  new  definition  which  gives 
a  tenable  and  distinct  separation  of  classes  is  an  important 
advance  in  our  knowledge ;  but  that  such  definitions  are 
rather  the  last  than  the  first  step  in  each  advance.  In  the 
progress  of  real  knowledge,  these  definitions  are  always 
the  results  of  a  laborious  study  of  individual  cases,  and 
are  never  arrived  at  by  a  pure  effort  of  thought,  which  ia 
what  Plato  appears  to  have  imagined  as  the  true  mode  of 
philosophizing.     And  still  less  do  the  advances  of  other 
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sciences  consist  in  seizing  at  once  upon  the  highest  gene- 
rality, and  filling  in  afterwards  all  the  intermediate  steps 
between  that  and  the  special  instances.  On  the  contrary, 
as  we  have  seen,  the  ascents  from  particular  to  general 
are  all  successive ;  and  each  step  of  this  ascent  requires 
time,  and  labour,  and  a  patient  examination  of  actual 
facts  and  objects. 

It  would,  of  course,  be  absurd  to  blame  Plato  for  having 
inadequate  views  of  the  nature  of  progressive  knowledge, 
at  the  time  when  knowledge  could  hardly  be  said  to  have 
begun  its  progress.  But  we  already  find  in  his  specula- 
tions, as  appears  in  the  passages  just  quoted  from  his  writ- 
ings,  several  points  brought  into  view  which  will  require 
our  continued  attention  as  we  proceed.  In  overlooking 
the  necessity  of  a  gradual  and  successive  advance  from 
the  less  general  to  the  more  general  truths,  Plato  shared 
in  a  dimness  of  vision  which  prevailed  among  philo- 
sophers to  the  time  of  Francis  Bacon.  In  thinking  too 
slightly  of  the  study  of  actual  nature,  he  manifested  a 
bias  from  which  the  human  intellect  freed  itself  in  the 
vigorous  struggles  which  terminated  the  dark  ages.  In 
pointing  out  that  all  knowledge  implies  a  unity  of  what 
we  observe  as  manifold,  which  unity  is  given  by  the 
mind,  Plato  taught  a  lesson  which  has  of  late  been 
too  obscurely  acknowledged,  the  recoil  by  which  men 
repaired  their  long  neglect  of  facts  having  carried  them 
for  a  while  so  far  as  to  think  that  facts  were  the  whole 
of  our  knowledge.  And  in  analysing  this  principle  of 
Unity,  by  which  we  thus  connect  sensible  things,  into 
various  Ideas,  such  as  Number,  Magnitude,  Position, 
Motion,  he  made  a  highly  important  step,  which  it  has 
been  the  business  of  philosophers  in  succeeding  times  to 
complete  and  to  follow  out. 

But  the  efficacy  of  Plato's  speculations  in  their  bear^ 
ing  upon  physical  science,  and  upon  theory  in  general, 
was  much  weakened  by  the  confusion  of  practical  with 
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theoretical  kiidwledge,  Which  arose  from  the  ethical 
propensities  of  the  Socratic  school.  In  thd  Plfttonld 
Dialogues,  Art  and  Science  are  constantly  spoken  of  indis- 
criminately. The  skill  possessed  by  the  Painter,  thd 
Architect,  the  Shoemaker,  is  considered  as  a  just  example 
of  human  science,  no  less  than  the  knowledge  which  thd 
geometer  or  the  astronomer  possesses  of  the  theoretical 
truths  with  which  he  is  conversant.  Not  only  so ;  bilt 
traditionary  and  mythological  tales,  mystical  imaginations 
and  fontastical  etymologies,  are  mixed  up,  as  no  lesd 
choice  ingredients,  with  the  most  acute  logical  analyses, 
and  the  most  exact  conduct  of  metaphysical  controrersies^ 
Tliere  is  no  distinction  made  between  the  knowledge 
possessed  by  the  theoretical  psychologist  and  the  physi- 
cian, the  philosophical  teacbef  of  morals  and  the  legislator 
or  the  administrator  of  law.  This,  indeed,  is  the  less  to 
be  wondered  at,  since  even  in  our  own  time  the  same 
confusion  is  very  commonly  made  by  persons  not  other- 
wise ignorant  or  uncultured. 

On  the  other  hand,  we  may  remark  finally,  that  Plato's 
admiration  of  Ideas  was  not  a  barren  imagination,  efven  so 
far  as  regarded  physical  science.  For,  as  wcf  have  seett  *, 
he  had  a  very  important  share  in  the  intr0ducti6n  of  the 
theory  of  epicycles,  having  been  the  first  to  propose  to 
astronomers  in  a  distinct  form,  the  problem  of  which  that 
theory  was  the  solution ;  namely,  "  to  explain  the  celes- 
tial phenomena  by  the  combination  of  equable  circular 
motions."  This  demand  of  an  ideal  hypothesis  which 
should  exactly  express  the  phenomena  (as  well  as  they 
could  then  hb  obeyed),  and  from  wliich,  by  the  inter- 
position of  suitable  steps,  all  special  cases  might  be 
deduced,  foils  in  wdl  Inth  those  views  respecting  the 
proper  mode  of  seeking  knowledge  which  we  have  quoted 
from  the  PhUebus.     And  the  Idea  which  could  thus 
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r^presmt . :  and .  i^eplace  all  the  particular  Facts^  hmng 
3IQt  oaly  fiCmght:  but  founds  w^i  may  readily  supper  ;^bil|i 
the  philosopher  was,  by  this  event,  strongly  confirmed  w 
his  persuaaion  that  such  an. Idea  was  indeed  what  the 
iaquir^r  ought  to  seek.  In  this  conviction  all  his  genuine 
followem  up  to  modem  times  have  participated ;  askd  ,ihn$, 
thcHigh  tlvey  have  avoided  the  error  of  those  who  hold 
that  facts  alone  are  valuable  .as  the  elements  of  ourlcaowv- 
ledge,  they  have;  frequently  run  into  the  opposite  ^rotfii 
tQO^  much  de9pising  and  peglacting  facts,  and  of  thinking 
(that  the  bujsiu^ss .  of .  the  inquirer  after  truth  was  oiUyi. a 
profowd  and  consitant  contemplation  c^  the  oonceptiima 
x>f  his , own  mind.    But  of  this  hereafter.  .:...i:r 
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..  Tm  views  of  Aristotle  with  regard  to  the  foundatioiis 
otJuu^ian, knowledge  are  very  different  from  those  pfhja 
tutor  Plato,  and  are  even  by  himself  put  in  oppositiou  to 
them.  ;  He  dissents  altogether  from  the  Platonic  doctrine 
tjbcat  Ideas  are  the  true /materials  of:  our  knowledge  ;4uad 
after  giving^ .  respecting  :the  origin  of  this  doctrine^  the 
aocou^t. which  we  quoted  in  the  last  chapter^  he  goe^on 
to  jeMK>n  againsit  it;  =  ''Thus,"  he  says*,  '.'  they  dewaed 
J^efui  of.alL/tl^ngs  whiioh  are.  spoken  of.aa  univerfalf^: 
laojuch  as  if  auy  one  having  to  cpitint  &  uumber  of  objeotd, 
^puld  think.that  he  could  .not.  do  it  while  they  wereiew, 
&nd  should  .'Cxpeot  to  C4HU2t  them  by  making  them  more 
Biimerouil.  .  For.  the  kinds  of. things  are  almost  more 
a.^n)er<0U8  thai^  the  ^pe^ial  sensible  olyects, .  by  seeking 
the  c^us^s.of  jvhich ^they  were  1^  to  theiij  Ideas.''     He 


thM  go^s  6n  ^to  utge  several  other  reascVM  againstthe 
fleramptibn  of  Ideas  and  the  use  of  them  in  philosophicail 
teiieatches.  •  •  -  ■" 

At l^rtotle  himself  estalilishes  his  doctrines  by  trains  -of 
i^eaisonuig. '  But  reasoning  must  proceed  from  certain  FirSt 
Principles;  and  the  Question  then  arises^  Wbmice  -are 
thefee  First  Pritaoiples  obtained  ?  To  this  he  replies^  that 
they  ki»e  the  result  of  Ewperienc^^  and  he  eVen  enipldj^ 
the  same  technical  expression  by  whifeh  we  at  this  dttjr 
d^fteribe  the  process  •  of  collecting  these  principles  ffom 
observed  facts  J — that  they  are  obtaihed  by  IndueHon,  I 
have  already  quoted  passages  in  which  this  statement  iis 
made*.  "  The  way  of  I'easonihg,"  he'  saysf,  **  is  the  ferame 
in  philosophy,  and  in  any  art  or  science :  we  must  collect 
ih^i  facts  {ra  xnrapxovTa)^  and  the  things  to  which  the  facts 
happen,  and  must  have  as  large  a  supply  of  these  as  pos- 
sible, and  then  we  must  examine  them  according  to  the 
terms  of  our  syllogisms."  •  •  .  •  "There  are  peculiar 
principles  in  each  science ;  and  in  each  case  these  prin** 
ciplesr  must  be  obtained'  from  erperie^ce.  Thus  astrono* 
ihical  observation  du|>plies  the  principles  of  astirmomical 
science;  For  the  phenomena  being  rightly  tak^ii,  the 
demonstrations  of  astronomy  were  discovered;  and  the 
'«itoe  is  the  case  with  any  othet  Art  or  Science.  So  that 
if  the  fhctfr  in  each  case  be  tak^,  it  is  our  btie^ess  to 
construct  the  demonstratibni^.     For  if  in  6urnalural  his^ 

m 

tm^iKarit  rt)v  Urrdplav)  we  have  omitted  none  of  the  facts 
and  pro{)erties  which  bi^Iong  to- the  sutgect^  w^  shall  learn 
what  we  can  demonslMte  and  what  we  cannot.'*  And, 
again!];,  <'It  is  manifest  that*  if  any  sensation  be  wanting, 
there  must  be  some  knowledge  wanting^  which  we  ai*e' 
thus  prevented  from  having.  For  wis  acqnire  knowledge 
either  6y  Indufthn  (^ira<yo»^)'  <yf  by  DemmMitratioti  r  and 
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Pemonstration  is  from  universals,  but  Induction  ffOtffi 
particulars.  It  is  impossible  to  have  universal  theoretical 
propositions  except  by  Induction :  and  we  cannot  mak^ 
inductions  without  having  sensation ;  for  sensation  has  to 
do  with  particulars." 

It  is  easy  to  show  that  Aristotle  uses  the  term  Indao- 
tion,  as  we  use  it,  to  express  the  process  of  collecting  a 
general  proposition  from  particular  case^  in  which  it  is 
exemplified.  Thus  in  a  passage  which  we  have  already 
quoted*,  he  says,  '*  Induction,  and  Syllogism  from  Indue* 
tion  is  when  we  attribute  one  extreme  term  to  the  middle 
by  means  of  the  other."  The  import  of  this  technical 
phraseology  will  further  appear  by  the  example  which  he 
gives :  '^  We  find  that  several  animals  which  are  deficient 
in  bile  are  longlived,  as  man,  the  horse,  the  mule ;  hence 
we  infer  that  qU  apimals  which  are  deficient  in  bile  are 
longlived." 

\V§  may  observe,  however,  that  both  Aristotle's 
notion  of  induction,  and  many  other  parts  of  his  philoso^ 
phy,  are  obscure  and  imperfect,  in  consequence  of  his 
Teeing  to  contemplate  ideas  as  something  distinct  froin 
sensation,  It  thus  happens  that  he  always  assumes  the 
ideas  which  enter  into  his  propositions  as  given ;  and  con-t 
fiiders  it  as  the  philosopher's  business  to  determine  whe^ 
\\\er  such  propositions  are  true  or  not :  whereas  the  most 
important  feature  in  induction  is,  as  we  have  said,  the 
introSuctiou  of  a  new  idea,  and  not  its  employment  when 
once  introduced.  That  the  mind  in  this  manner  gives 
unity  to  that  which  is  manifold,r-^that  we  are  thus  led  to 
speculative  principles  which  have  an  evidence  higher  thaa 
any  others,^r-and  that  a  peculiar  sagacity  in  some  men 
slices  upon  the  conceptions  by  which  the  facts  may  be 
V>und  into  true  propositions, — are  doctrines  which  form  no 
essential  part  of  the  philosophy  of  the  Stagirite,  although 
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such  views  are  sometimes  recognized,  more  or  less  clearly, 
in  his  expressions.  Thus  he  says*,  "There  can  be  no 
knowledge  when  the  sensation  does  not  continue  in  the 
mind.  For  this  purpose,  it  is  necessary  both  to  perceive, 
and  to  have  some  unity  in  the  mind ;  (ata-davofiivois  Sxetv 
""EN  TI  ivrQy^vxS)  ^tnd  many  such  perceptions  having 
taken  place,  some  difference  is  then  perceived  :  and  from 
the  remembrance  of  these  arises  Reason.  Thus  from 
Sensation  comes  Memory,  and  from  Memory  of  tlie  same 
thing  often  repeated  comes  Experience :  for  many  acts  of 
Memory  make  up  one  Experience.  And  from  Experi-* 
ence,  or  from  any  Universal  Notion  which  takes  a  per* 
manent  place  in  the  mind, — from  the  unity  in  the 
manifoldj  the  same  some  one  thing  being  found  in  many 
facts, — springs  the  first  principle  of  Art  and  of  Science ; 
of  Art  if  it  be  employed  about  production ;  of  Science, 
if  about  existence." 

I  will  add  to  this,  Aristotle's  notice  of  Sagacity; 
since,  although  little  or  no  further  reference  is  made  to 
this  quality  in  his  philosophy,  the  passage  fixes  our  atten- 
tion upon  an  important  step  in  the  formation  of  know*^ 
ledge.  "Sagacity,'*  {arfxivoia)  be  saysfi  "is  a  hitting  by 
guess  {hjaroxta  ri?)  upon  the  middle  term  (the  conception 
common  to  two  cases)  in  an  inappreciable  time.  As  for 
example,  if  any  one  seeing  that  the  bright  side  of  the 
moon  is  always  towards  the  sun,  suddenly  perceives  why 
this  is ;  namely,  because  the  moon  shines  by  the  light  of 
the  sun: — or  if  he  sees  a  person  talking  with  a  rich 
man,  he  guesses  that  he  is  borrowing  money ; — or  conjee* 
tures  that  two  persons  are  friends,  because  they  are 
enemies  of  the  same  person." — ^To  consider  only  the  first 
of  these  examples ; — ^the  conception  here  introduced,  that 
of  a  body  shining  by  the  light  which  another  casts  upon 
it,  is  not  contained  in  the  observed  facts,  but  introduced 
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br  tbe  mind.  It  K  in  short,  tbat  conception  which^  in 
flie  act  of  indnctioD«  the  mind  ^apenMld?  to  tbe  pbenoneH 
as  tbej  are  presented  bv  the  senses :  and  to  inyent  soeh 
appropriate  conceptions,  snch  **  emtocbiefiv"  is,  indeed,  tlie 
precise  office  of  inductiTe  sagacitr.  7 

At  the  end  of  this  work  (tbe  Later  Anafytic^)  Aristotle 
ascribes  oar  Imowledge  of  principles  to  Intellect,  {pov^)  OB, 
as  it  appears  necessary  to  translate  tbe  word.  ImtuHiam*. 
^  Since,  of  our  intellectnal  habits  bv  which  we  aim  at 
tmth,  some  are  alwajs  true,  but  some  admit  of  being 
fidse,  as  Opinion  and  Reasoning,  but  Science  and  Tntuitibo 
are  alwajs  true ;  and  since  there  is  nothing  which  is  mMB 
eertam  than  Science  except  Intuition ;  and  since  Piin- 
eiples  are  better  known  to  us  than  the  Dedncttons  frmn 
them ;  and  since  all  Science  is  connected  bv  reasomi^, 
we  cannot  have  Science  respecting  Principles.  Con- 
sidering this  then,  and  that  the  beginning  of  DemooslA- 
tion  cannot  be  Demonstration,  nor  the  beginning  'hf 
Science,  Science ;  and  since,  as  we  have  said,  there  is  no 
other  kntd  of  tmth.  Intuition  must  be  the  beginning  of 
Science.** 

Wliat  is  here  said,  is,  no  doubt,  in  accordance  with 
the  doctrines  which  we  have  endeavoured  to  estabiidi 
respecting  the  nature  of  Science,  if  by  this  htitiiion  we 
understand  that  contemplation  of  certain  Fnndamental 
Ideas,  which  is  the  basis  of  all  rigorous  knowledge.  But 
notwithstanding  this  apparent  approximation,  Aristotle 
was  far  from  having  an  habitual  and  practical  possession 
of  the  principles  which  be  thus  touches  upon.  He  did 
not,  in  reality,  construct  his  philosophy  by  giving  Unity 
to  that  which  was  manifold,  or  by  seeking  in  Intuition 
principles  which  might  be  the  basis  of  Demonstration ; 
nor  did  ho  collect,  in  each  subject-,  fundamental  proposi- 
tions by  an  induction  of  particulars.     He  rather  endea- 
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Touted  to  divide  tjian  to  unite ;  be  eipployed  himself,  not 
in  etMabining;: facts,  but  in  analyising  notions;  and  t})e 
criterion. to  wbioh  he  referred  bis  anidysis,  M^as,  not  thp 
factd  of  our  experience,  but  our  habits  of  langiiagiqu 
Thus  his  opinions  rested,  not  upon  sound  inductiQjps!, 
^diendd  in  each  case  from:  the  phenomena  by  me^s  of 
appropriate  Idea^;  butxipon  the  loose  and  vague  generali- 
2atiOEi(8  T^ioh  are  implied  in  the  common  use  of  speech^ 
:  ¥et  ArlstdUe  was  sfo  far  oonmstent  with  his  own 
dootrina  of  the  derivation  of  knowledge  from  experienqe, 
that  -hel  Aiade  in  almoati  every  profvince  of  humfin  kjiow- 
)edge^ia'va$k  opllection  of  such  special  facts  as  the  expe- 
jhottecl  his=  time  suppliedi  These  eolations-  are  almpsit 
unrfvalledi  e!?ed  to  the  present  day,  especially  in  jN^ajbural 
History;;  ill  other  •  departments,  when  to  the  facts  wa 
must  add:  the  Ti^ht  Inductive  Idea,,  in  order  to  obtajin 
troth,'  we  1  find  little  of'  value  in  the  Aristotelic  works. 
But  in.  those  parts  whioh  reiar  to  Natural  History,  we 
find  not  only  an  immense  and  varied  collection  of  facts 
and  observations,  but  a  sagacity  and  acuteness  in  classifi- 
cation which  it  is  impossible  not  to  admire.  This  indited 
iappears  to  have  be^i  the  most  euiinent  faculty  in 'Aris- 
totle's mind«    ,  ■         ,     . 

The  influence'  of  Aristotle  in  succeeding  ages  will 
come  undei;  our  notice  shortly. 


I 
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Thus  while  Plato  was  disposed  to  seek  the  essence  of 
onr  knowledge  in  Ideaa  alone,  Aristotle,  slighting  this 
Bciunrefxfimtb,llookad  to J&xperienceajs.tbe  beginning  of 
Science ;  while  he,  attempted  to  pbtain,  by  division  and 
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deduction,  all  that  Experience  did  not  immediately  sup* 
ply.  And  thus,  with  these  two  great  names,  began  that 
struggle  of  opposite  opinions  which  has  ever  since  that 
time  agitated  the  speculative  world,  as  men  have  urged 
the  claims  of  Ideas  or  of  Experience  to  our  respect, 
and  as  alternately  each  of  these  elements  of  knowledge 
has  been  elevated  above  its  due  place,  while  the  other 
has  been  unduly  depressed.  We  shall  see  the  successive 
turns  of  this  balanced  struggle  in  the  remaining  portions 
of  this  review. 

But  we  may  observe  that  practically  the  influence  of 
Plato  predominated  rather  than  that  of  Aristotle,  in  the 
remaining  part  of  the  history  of  ancient  philosophy.  It 
was,  indeed,  an  habitual  subject  of  dispute  among  men  of 
letters,  whether  the  sources  of  true  knowledge  are  to  be 
found  in  the  Senses  or  in  the  Mind ;  the  Epicureans  taking 
one  side  of  this  alternative,  and  the  Academics  another, 
while  the  Stoics  in  a  certain  manner  included  both  ele^ 
ments  in  their  view.  But  none  of  these  sects  showed 
their  persuasion  that  the  materials  of  knowledge  were  to 
be  found  in  the  domain  of  Sense,  by  seeking  them  there. 
No  one  appears  to  have  thought  of  following  the  example 
of  Aristotle,  and  gathering  together  a  store  of  observed 
facts.  We  may  except,  perhaps,  assertions  belonging  to 
some  provinces  of  Natural  History,  which  were  collected 
by  various  writers:  but  in  these,  the  mixed  character  of 
the  statements,  the  want  of  discrimination  in  the  estimate 
of  evidence,  the  credulity  and  love  of  the  marvellous 
which  the  authors  for  the  most  part  displayed,  showed 
that  instead  of  improving  upon  the  example  of  Aristotle, 
they  were  wandering  further  and  further  from  the  path  of 
teal  knowledge.  And  while  they  thus  collected,  with  so 
little  judgment,  such  statements  as  offered  themselves,  it 
hardly  appears  to  have  occurred  to  any  one  to  enlarge 
the  sto^res  of  observation  by  the  aid  of  experiment ;  and 
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to  l^am  what  the  laws  of  nature  were,  by  trying  what 
w^re  tbeir  results  in  particular  cases.  They  used  no 
instruments  for  obtaining  an  insight  into  the  constitution 
of  the  universe,  except  logical  distinctions  and  discus- 
sions {  and  proceeded  as  if  the  phenomena  familiar  to 
their  predecessors  must  contain  all  that  was  needed  as  a 
basis  for  natural  philosophy.  By  thus  contenting  them- 
selves with  the  facts  which  the  earlier  philosophers  had 
contemplated,  they  were  led  also  to  confine  themselves  to 
the  ideas  which  those  philosophers  had  put  forth.  For 
all  the  most  remarkable  alternatives  of  hypothesis,  so  tkt 
as  they  could  be  constructed  with  a  slight  and  common 
knowledge  of  phenomena,  had  been  promulgated  by  the 
acute  and  profound  thinkers  who  gave  the  first  Impulse 
to  philosophy :  aud  it  was  not  given  to  man  to  add  much 
to  the  original  inventions  of  their  minds  till  he  had 
undergone  anew  a  long  discipline  of  observation,  and  of 
thought  employed  upon  observation.  Thus  the  later 
authors  of  the  Greek  Sohools  became  little  better  than 
commentators  on  the  earlier;  and  the  common  places 
with  which  the  different  schools  earned  on  their  debates, 
-r-the  constantly  recurring  argument,  with  its  known 
attendant  answer, — ^the  distinctions  drawn  finer  and  finer 
aud  leading  to  nothing, — ^render  the  speculations  of  those 
times  a  scholastic  philosophy,  in  the  same  sense  in  which 
we  employ  the  term  when  we  speak  of  the  labours  of  the 
middle  ages.  It  will  be  understood  that  I  now  refer  to 
that  which  is  here  my  subject,  the  opinions  concerning 
our  knowledge  of  nature,  and  the  methods  in  use  for  the 
puipose  of  obtaining  such  knowledge.  Whether  the 
moral  speculations  of  the  ancient  world  were  of  the  sam6 
stationary  kind,  going  their  round  in  a  limited  circle,  like 
their  metaphysics  and  physics,  must  be  considered  on 
some  other  occasion. 

As  a  specimen  of  the  later  Greek  reasonings  on  phy- 
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neal  philosoplij^  I  may  take  a  pasaagis  from'C^aleif*s'€!om- 
1lletitary  oa  the  Treatise  of  Hippoemtes,'  Qa  iheJBIemMU, 
^Whnii&en/^  he  askftfv  ''istbe  method  of' dis<^overiii{|^ 
these  Elements?  :  To  me  it  seems  there. can  be i no^  otlM^r 
than  that  which  was  introduced  by  Hippocrates.  iEbrnm 
must  reason  first)  oedsideiiag  if  4m^ 
which  is  oae^  accordiDg.  to  its  idea;  {Sitrt^rifif  t8iap\)  -and 
fiiext,  if  many  and  various  and.  dissimilar^  >  bow  many^  ieind 
of  what  kind  >they  are,  and  how  related  •  by  their  assoeiap 
tion.:    Now  that  the  FirisA  Eilement  is  not  one  onlyv  covb- 
prising  both  our  bodies  and  other  things,  Hippoomtes 
showSi*  '  For  if  mail  were  one  Element  01%,  he  eoold  not 
iliU  fiiok;  for  there 'would  be*  notUng  which  eoitld-deinaig^ 
liis;  healthy  if  she  were  o£  one  Element  onlyi"    -We  have 
teen,  in.  the;  History  of  Science,  that  Qalen-  isoneof -ifae 
gfeatesbi  names  in  ancient  iPhysiologyl-  bat. wfaeniibe 
makes  the  i  attempt « to.  ^  pasa  jiti  one  step  Aoni  ^tfae  <  mbst 
fartiiliait  facte  to  tlie  uitiraate  constittitien  of  the  tlniV0rM^ 
it:  is  not  wonderful '  that  :hig  reasonings  are  -  ^  w»  teal 
value  or  import.  ^ 


.  • »    !    I  ■    ;:■.■»• 


•';■.!    ! '  ■ 
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-:  Before)  we^  quit  the  ^anciGBts  we  may  obserre  eome 
peculiarities  in  the  Roman  disei^les^  of  the  Greek  pfailo- 
eophy,  which  may  be  worthy  oturtootice.  • 
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.1?'        ' 


,  The  Romans:  had  no  philosophy  bot  that  which  they 
.borrowed  from^  the  Greeks;  and  what  they  thus  receiTeH, 
they  hardly  made  entirely  their  own.  The  vast  and  pro- 
fonnd  question  of  which : we  >have  be^i  qieakkig,  the  reki* 
lion  <  between  Existence :  and  ••  our  KnowlcK^e  of:  what 
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€rxi0tBrtb0;  iiever;appiear>  to  Imra  fiidibmed^  even  86  fw 
fts  .tO'di&cei\&  liow  wide  «qd^.  d^p  it  is;  >ln'  tke  devBlop- 
eatot  of  tke. ideas  by  whioh  nature  is  to  be  und^stobd, 
tkeyrwentnofartbeif'than* their  Greek  ma^tersihad  gone^ 
nori  iiideed  wae'inbre  to  be:  lookiedw  for.  And-  in  the 
pfflwitiealohaJMti  lof  acoiiniulaiaiig  ebeerved  facts  aa  matet* 
vials  for.  knowledge,  ttiey  weve  much  less  diseriminating 
and  more!  cvedulodis^hani  their  <i}reek  predecessors^  .  The 
desoeat  from  wAristotle^to  Plihjv  in^tlie  jndioiousness  of 
tdiC' authors  and  (tlie  Takie^iof  the&*  cblleotions  tf  facts^ 
is^immenffcL  ."-:'..!■•  i-il-n  ■•-.w  — •■•  .  .;.■  •■."■  ■.  ..  -  \] 
• '  Since  the  Romans  iweiie  thus  servUe  foHbwel^  of  their 
Greek  ^tetehers^>^d1ld!;UMIeilaoqliaioted  with  anyeacamjA 
efi:neiw  truths; «ollBcted/ifi-omtlB9'Worid  fi;foand  themf  it 
wtts  >not !  to  --be  i^i^eetdd  .that  \  thejr  caaH  -•  Have  any.  JBSt 
eoneeption  of  thatdbngratid  magnificent  asoent  from  ove 
set  Df  trnths  to  othersmf  higher^  prder  and  wider  eomj^ssst 
which  ffthe  i  ^liistory'  of i  fseience  r  facgtH:  to  •  exhibit : wheni :  the 
hiumaa  mind  reooyened  Jts  progressive  .habits^  Yet  some 
dim  presentiment  of  the  splendid  career  thus; destined' for 
the  intelleet.  of  man^  appears « from:  time  to  time  to  faave 
an^en  in. their  ttinds.'i.p«Mfltapa!.the«  cimumstance  trhid^ 
most  powerfully  eeHjtTibttied^lo  <  suggest  itbifi  vision^:  was 
the  vast  intellectual  progress  which  they  were  themselves 
conscious  of  having  made,  through  the  introduction  of 
the  Greek  philosophy ;  and  to  this  may  be  added,  per- 
haps, some  other  features*  of  tmtlonal  character.  Their 
temper  was  too  stji^pr^  ;tp,,acq^ies9e  in  the  absolute 
authority  of  the  Greek  philosophy,  although  their  minds 
were  not  in^hthw^  enbfigh-  to  establish  a  rival  %  its^  side. 
And  the  wobdwfol  ptegress  of  their'  politieal  power  had 
gvTBh  :them  -  a  bbpe  in  'the  progress  of  mau  whioh  the 
QredcS^nemiipopsessed.  '>The  Roman,  as  he  betieved  thb 
fottuTtei  06 ;JUtf  SiMM  to  bei  destined  for  itemity,  believed 
also  in  the  immortal  destiny  ^n^  endless  advance  of  that 
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Intellectual  Republic  of  which  he  had  been  Adniitt^  ft 
denizen. 

It  is  easy  to  find  examples  of  ftuch  feeling  as  I  have 
endeavoured  to  describe.  The  enthusiasm  with  tv^hich 
Lucretius  and  Virgil  speak  of  physical  knowledge,  tnani^ 
festly  arises  in  a  great  measure  from  the  delight  whi^lt 
they  had  felt  in  becoming  acquainted  with  tho  Gftidf 

theories. 

M 6  yero  primuin  dulees  ante  oiniiia  mnsaa 
Qaarum  sacra  fero  ingenti  peroulantf  amore, 
Accipiant,  coelique  vias  et  sidera  monstrent, 
Defectus  solis  yarios,  Lunseque  labores ! 

Felix  qui  potuit  rerum  cognoscere  causas  ! 

Ovid^  expresses  a  similar  feeling. 

Felices  aoimofl  quibus  haBC  cognoaoere  primis 
Inque  donios  superas  scandere  cura  fuit ! .  .  . 

Admovere  oculis  distantia  sidera  nosiris 
.£theraqme  ingenio  supposnere  sno. 

Sic  petitnr  ccelnm :  non  ut  ferat  Ossam  Olympus 
Summaque  Peliacus  sidera  tanget  apex. 

And  from  the  whole  tenour  of  these  and  similar  pas« 
sages,  it  is  evident  that  the  intellectual  pleasure  whidi 
arises  from  our  first  introduction  to  a  beautiful  physical 
theory  had  a  main  share  in  producing  this  enthusiasm 
at  the  contemplation  of  the  victories  of  science ;  although 
undoubtedly  the  moral  philosophy^  which  was  neyer  sepa- 
rated from  the  natural  philosophy,  and  the  triumph  ov0r 
superstitious  fears  which  a  knowledge  of  nature  was 
supposed  to  furnish,  added  warmth  to  the  feeling  of 
exultation. 

We  may  trace  a  similar  impression  in  the  ardent 
expressions  which  Plinyf  makes  use  of  in  speaking  of  the 
early  astronomers,  and  which  we  have  quoted  in  the 
History.  ''Great  men!  elevated  above  the  common 
standard  of  human  nature,  by  discovering  the  laws  which 

^  ♦  L.  i.,  Fait  t  i.  75. 
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celestial  occurrences  obey,  and  by  freeing  the  wretched 
mind  of  man  from  the  fears  which  eclipses  inspired-" 

This  exulting  contemplation  of  what  science  had  done, 
naturally  led  the  mind  to  an  anticipation  of  further 
achievements  still  to  be  performed.  Expressions  of  this 
feeling  occur  in  Seneca,  and  are  of  the  most  remarkable 
kind,  as  the  following  example  will  show*. 

"  Why  do  we  wonder  that  comets,  so  rare  a  pheno- 
mena, have  not  yet  had  their  laws  assigned? — ^that  we 
should  know  so  little  of  their  beginning  and  their  end, 
when  their  recurrence  is  at  wide  intervals  ?  It  is  not  yet 
fifteen  hundred  years  since  Greece, 

Stellis  numeros  ei  nomiiia  fecit, 

reckoned  the  stars,  and  gave  them  names.  There  aife 
still  many  nations  which  are  acquainted  with  the  heaveni 
by  sight  only;  which  do  not  yet  know  why  the  moon  dis* 
appears,  why  she  is  eclipsed.  It  is  but  lately  that  among 
us  philosophy  has  reduced  these  matters  to  a  certainty* 
The  day  shall  come  when  the  course  of  time  and  thd 
labour  of  a  maturer  age  shall  bring  to  light  what  is  yet 
concealed.  One  generation,  even  if  it  devoted  itself  to 
the  skies,  is  not  enough  for  researches  so  extensive.  How 
then  can  it  be  so,  when  we  divide  this  scanty  allowance 
of  years  into  no  equal  shares  between  our  studies  and  our 
vices  ?  These  things  then  must  be  explained  by  a  long 
succession  of  inquiries.  We  have  but  just  begun  to 
know  how  arise  the  morning  and  evening  appearances, 
the  stations,  the  progressions,  and  the  retrogradations  of 
the  fixed  stars  which  put  themselves  in  our  way ; — which 
appearing  perpetually  in  another  and  another  place  com« 
pel  us  to  be  curious.  Some  one  will  hereafter  demon* 
strate  in  what  region  the  comets  wander ;  why  they  move 
so  far  asunder  fi'om  the  rest ;  of  what  size  and  naturt 
they  aie.     Let  us  be  content  with  what  we  have  iiih 
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coreiied:    let  posterity   contribute  its  share  to  irutb^^ 
Again  he   adds^   in   the  same  strain.      ^'Let  us*  ikot 
wonder  that  what  lies  so  deep  is  brought  out  so  slowlj^ 
How  many  animals  have  become  known  for  the  first  time 
in  this  age !     And  the  members  of  future  genemtioii* 
shall  know  many  of  which   we  are  ignorant.     Manjr^ 
things  are  reserved  for  ages  to  come,  when  our  memofy 
shall  have  ]jassed  away.     The  world  would  be  a  small 
thing  indeed,  if  it  did  not  contain  matter  of  inquiry  foft 
ail  the  world.     Eleusis  reserves  something  for  the  second 
visit  of  the  worshipper.     So  too  Nature  does  not  at  once 
disclose  all  her  mj/ste^ies.     We  think  ourselves  initiated* 
we  are  but  in  the  vestibule.     The  arcana  are  not  thrown 
open  without  distinction  and  without  reserve.     This  age 
will  see  some  things;  that  which  comes  after  us,  others^** 
While  we  admire  the  happy  coincidence  of  these 
conjectures  with  the  soundest  views  which  the  history  of 
science  teaches  us,  we  must  not  fbrget  that  they  are 
merely  conjectures,  suggested  by  very  vague  impressions^ 
and  associated  with  very  scanty  conceptions  of  the  laws 
of  nature.     Seneca's  Natural  QttestionSy  from  which  the 
above  extract  is  taken,  contains  a  series  of  dissertations 
on  various  subjects  of  Natural  Philosophy;   as  Meteors, 
Rainbows,  Lightning,  Springs,  Rivers,  Snow,  Hail,  Run, 
Wind,  Earthquakes  and  Comets.     In  the  whole  of  these 
dissertations,  the  statements  are  loose,  and  the  explana* 
tions  of  little  or  no  value.     Perhaps  it  may  be  worth  our 
while  to  notice  a  case  in  which  he  refers  to  an  observa- 
tion of  his  own,  although  his  conclusion  from  it  be  erro* 
neons.     He  is  arguing  f  against  the  opinion  that  Springs 
arise  from  the  water  which  falls  in  rain.     ''  In  the  first 
place,"  he  says,  **  I,  a  very  diligent  digger  in  my  vineyard, 
affirm  that  no  rain  is  so  heavy  as  to  moisten  the  earth  to 
the  depth  of  more  than  ten  feet.    All  the  moisture  is 

«  Qua$L  Nat.,  vii.  30,  31.  t  /6.,  iii.  7. 
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consumed  iu  this  outer  crust,  and  descends  not  to  the 
loafer  part^".  We  have  here  something  of  the  nature  of 
an  .experiment ;  and  indeed,  as  we  may  readily  conceive, 
the  instinct  which  impels  man  to  seek  truth  by  experi? 
lU^t  can  never  be  altogether  extinguished.  SefijBca's 
experiment  was  deprived  of  itS:  value  by  the  indistinct- 
ues3.of  his  ideas,  which  led  him  to  rest  in  the  crude  con- 
ception of  the  water  being  ^^consumed"  in  the  superficial 
crust  of  the  earth. 

...  It  is  unnecessary  to  pursue  further  the  reasonings  pf 
the  Itomans  on  such  subjects,  and  we  now  proceed  to  the 
ages  which  succeeded  the  £e^U  of  their  empire. 


Chapter  VI. 
THE  SCHOOLMEN  OF  THE  MIDDLE  AGES. 

In  the  History  of  the  Sciences  I  have  devoted  a  Book 
to  the  state  of  Science  iu  the  middle  ages,  and  have 
endeavoured  to  analyse  the  intellectual  defects  of  that 
period. .  Among  the  characteristic  features  of  the  human 
mind  during  those  times^  I  have  noticed  Indistinctness  of 
Xdo^s,  a  Com mentatorial  .Spirit,  Mysticism,  and  Dogmar 
tijBm*  The  account  there  given  of  this  portion  of  tb^ 
history  of  man  belongs,  in  reality,  rather  to  the  present 
work  thi^p  to  the  History  of  Progressive  Science.  For, 
as  we  have  there  remarked,  theoretical  Science  was,  during 
the  period  of  which  we  speak,  almost  entirely  Stationary ; 
and  the  investigation  of  the  causes  of  such  a  state  of 
things  may  be  considered  as  a  part  of  that  review,  in 
which  we  are  now  engaged,  of  the  vicissitudes  of  man's 
acquaintance  with  the  methods  of  discovery.  But  when 
we  offered  to  the  world  a  history  of  science^  to  leave  so 
large  a  chasm  unexplained,  would  have  made  the  series 

VOL.  II,  X 
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of  events  seem  defective  and  broken ;  and  the  survey  of 
the  Middle  Ages  was  therefore  inserted.  I  would  beg  to 
refer  to  that  portion  of  the  former  work  the  reader  who 
wishes  for  information  in  addition  to  what  is  here  given. 

The  Indistinctness  of  Ideas  and  the  Commentatorial 
Disposition  of  those  ages  have  already  been  here  brought 
under  our  notice.  Viewed  with  reference  to  the  oppett- 
tion  between  Experience  and  Ideas,  on  which  poin^ 
as  we  have  said,  the  succession  of  opinions  in  a  great 
measure  turns,  it  is  clear  that  the  commentatorial 
method  belongs  to  the  ideal  side  of  the  question:  for 
the  commentator  seeks  for  such  knowledge  as  he  valuer 
by  analysing  and  illustrating  what  his  author  has  said ; 
and,  content  with  this  material  of  speculation,  does  not 
desire  to  add  to  it  new  stores  of  experience  and  obser- 
vation. And  with  regard  to  the  two  other  features  in  the 
character  which  we  gave  to  those  ages,  we  may  observe 
that  Dogmatism  demands  for  philosophical  theories  the 
submission  of  mind,  due  to  those  revealed  religious  doc- 
trines which  are  to  guide  our  conduct  and  direct  our 
hopes :  while  Mysticism  elevates  ideas  into  realities,  and 
offers  them  to  us  as  the  objects  of  our  religious  regard. 
Thus  the  Mysticism  of  the  middle  ages  and  their  Dogma- 
tism alike  arose  from  not  discriminating  the  offices  of 
theoretical  and  practical  philosophy.  Mysticism  claimed 
for  ideas  the  dignity  and  reality  of  principles  of  moral 
action  and  religious  hope:  Dogmatism  imposed  theoretical 
opinions  respecting  speculative  points  with  the  imperative 
tone  of  rules  of  conduct  and  faith. 

If,  however,  the  opposite  claims  of  theory  and  prac* 
tice  interfered  with  the  progress  of  science  by  the  con- 
fusion they  thus  occasioned,  they  did  so  far  more  by 
drawing  men  away  altogether  from  mere  physical  specu- 
lations. The  Christian  religion,  with  its  precepts,  ite 
hopes,  and  its  promises,  became  the  leading  subject  of 
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men's  thoughts ;  and  the  great  active  truths  thus  revealed, 
and  the  duties  thus  enjoined,  made  all  inquiries  of  mere 
curiosity  appear  frivolous  and  unworthy  of  man*  The 
Fathers  of  the  Church  sometimes  philosophized  ill ;  but 
far  more  commonly  they  were  too  intent  upon  the  great 
lessons  which  they  had  to  teach,  respecting  man's  situation 
in  the  eyes  of  his  Heavenly  Master,  to  philosophize  at 
all  respecting  things  remote  from  the  business  of  life  and 
of  no  importance  in  man's  spiritual  concerns. 

Yet  man  has  his  intellectual  as  well  as  his  spiritual 
wants.  He  has  faculties  which  demand  systems  and 
reasons,  as  well  as  precepts  and  promises.  The  Christian 
doctor,  who  knew  so  much  more  than  the  heathen  philo- 
sopher respecting  the  Creator  and  Governor  of  the  uni- 
verse, was  not  long  content  to  know  or  to  teach  less,  re- 
specting the  universe  itself.  While  it  was  still  maintained 
that  Theology  was  the  only  really  important  study.  Theo- 
logy was  so  extended  and  so  fashioned  as  to  include  all 
other  knowledge :  and  after  no  long  time,  the  Fathers 
of  the  Church  themselves  became  the  authors  of  systems 
of  universal  knowledge. 

But  when  this  happened,  the  commentatorial  spirit 
was  still  in  its  full  vigour.  The  learned  Christians  could 
not,  any  more  than  the  later  Greeks  or  the  Romans, 
devise,  by  the  mere  force  of  their  own  invention,  new 
systems,  full,  comprehensive,  and  connected,  like  those  of 
the  heroic  age  of  philosophy.  The  same  mental  tenden- 
cies which  led  men  to  look  for  speculative  coherence  and 
completeness  in  the  view  of  the  universe,  led  them  also 
to  admire  and  dwell  upon  the  splendid  and  acute  specu- 
lations of  the  Greeks.  They  were  content  to  find,  in 
these  immortal  works,  the  answers  to  the  questions  which 
their  curiosity  prompted ;  and  to  seek  what  further  satis- 
faction they  might  require,  in  analjrsing  and  unfolding 
the  doctrines  promulgated  by  those  great  masters  of 

X  2 
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knowledge.  Thus  the  Christian  doctors  became,  as  to 
general  philosophy,  commentators  upon  the  ancient  Greek 
teachers. 

Among  these,  they  selected  Aristotle  as  their  peculiar 
object  of  admiration  and  study.  The  vast  store,  both  of 
opinions  and  facts,  which  his  works  contain,  his  acute 
distinctions,  his  cogent  reasons  in  some  portions  of  his 
speculations,  his  symmetrical  systems  in  almost  all,  natu- 
rally commended  him  to  the  minds  of  subtle  and  curious 
men.  We  may  add  that  Plato,  who  taught  men  to  con- 
template Ideas  separate  from  Things,  was  not  so  well 
fitted  for  general  acceptance  as  Aristotle,  who  rejected 
this  separation.  For  although  the  due  apprehension  of 
this  opposition  of  ideas  and  sensations  is  a  necessary  step 
in  the  progress  of  true  philosophy,  it  requires  a  clearer 
view  and  a  more  balanced  mind  than  the  common  herd 
of  students  possess ;  and  Aristotle,  who  evaded  the  neces- 
sary perplexities  in  which  this  antithesis  involves  us, 
appeared,  to  the  temper  of  those  times,  the  easier  and  the 
plainer  guide  of  the  two. 

The  Doctors  of  the  middle  ages  having  thus  adopted 
Aristotle  as  their  master  in  philosophy,  we  shall  not  be 
surprised  to  find  them  declaring,  after  him,  that  experience 
is  the  source  of  our  knowledge  of  the  visible  world.  But 
though,  like  the  Greeks,  they  thus  talked  of  experiment, 
like  the  Greeks,  they  showed  little  disposition  to  discover 
the  laws  of  nature  by  observation  of  facts.  This  barren 
and  formal  recognition  of  experience  or  sensation  as  one 
source  of  knowledge,  not  being  illustrated  by  a  practical 
study  of  nature,  and  by  real  theoretical  truths  obtained 
by  such  a  study,  remained  ever  vague,  wavering,  and 
empty.  Such  a  mere  acknowledgement  cannot,  in  any 
times,  ancient  or  modern,  be  considered  as  indicating  a 
just  apprehension  of  the  true  basis  and  nature  of  science. 

In  imperfectly  perceiving  how,  and  how  far,  experi- 
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ence  is  the  source  of  our  knowledge  of  the  external 
world,  the  teachers  of  the  middle  ages  were  in  the  dark ; 
but  so  on  this  subject  have  been  almost  all  the  writers  of 
all  ages,  with  the  exception  of  those  who  in  recent  times 
have  had  their  minds  enlightened  by  contemplating  phi- 
losophically the  modem  progress  of  science.  The  opinions 
of  the  doctors  of  the  middle  ages  on  such  subjects  gene- 
rally had  those  of  Aristotle  for  their  basis ;  but  the  sub- 
ject was  often  still  further  analysed  and  systematized, 
with  an  acute  and  methodical  skill  hardly  inferior  to  that 
of  Aristotle  himself. 

The  Stagirite,  in  the  beginning  of  his  Physics^  had 
made  the  following  remarks.  "  In  all  bodies  of  doctrine 
which  involve  principles,  causes,  or  elements,  Science 
and  Knowledge  arise  from  the  knowledge  of  these ;  (for 
we  then  consider  ourselves  to  know  respecting  any 
subject,  when  we  know  its  first  cause,  its  first  prin- 
ciples, its  ultimate  elements.)  It  is  evident,  therefore, 
that  in  seeking  a  knowledge  of  nature,  we  must  first 
know  what  are  its  principles.  But  the  course  of  our 
knowledge  is,  from  the  things  which  are  better  known 
and  more  manifest  to  us,  to  the  things  which  are  more 
certain  and  evident  in  nature.  For  those  things  which 
are  most  evident  in  truth,  are  not  most  evident  to  us. 
[And  consequently  we  must  advance  from  things  ob- 
scure in  nature,  but  manifest  to  us,  towards  the  things 
which  are  really  in  nature  more  clear  and  certain.]  The 
things  which  are  first  obvious  and  apparent  to  us  are 
complex;  and  from  these  we  obtain,  by  analysis,  prin- 
ciples and  elements.  We  must  proceed  from  universals 
to  particulars.  For  the  whole  is  better  known  to  our 
senses  than  the  parts,  and  for  the  same  reaion,  the  uni- 
versal better  known  than  the  particular.  And  thus 
words  signify  things  in  a  large  and  indiscriminate  way, 
which  is  afterwards  analysed  by  definition ;  as  we  see  that 
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the  children  at  first  call  all  vaenfather^  and  all  women 
mathe7\  but  afterwards  learn  to  distinguish.'* 

There  are  various  assertions  contained  in  this  extract 
which  came  to  be  considered  as  standard  maxims,  and 
which  occur  constantly  in  the  writers  of  the  middle  ages. 
Such  are,  for  instance,  the  maxim,  "  Ver^  scire  est  per 
eausas  scire;"  the  remark,  that  compounds  are  known  to  us 
before  their  parts,  and  the  illustration  from  the  expressions 
used  by  children.  Of  the  mode  in  which  this  subject  was 
treated  by  the  schoolmen,  we  may  judge  by  looking  at 
passages  of  Thomas  Aquinas  which  treat  of  the  subject 
of  the  human  understanding.  In  the  Summa  Theohgitey 
the  eighty-fifth  Question  is  On  the  manner  and  order  of 
vnderstaiding^  which  subject  he  considers  in  eight  Arti- 
cles ;  and  these  must,  even  now,  be  looked  upon  as  exhi- 
biting many  of  the  most  important  and  interesting  points 
of  the  subject.  They  are.  Firsts  Whether  our  under- 
standing understands  by  abstracting  ideas  (species)  from 
appearances;  Second^  Whether  intelligible  species  ab- 
stracted from  appearances  are  related  to  our  understand- 
ing as  that  which  we  understand,  or  that  by  which  we 
understand;  Thirds  Whether  our  understanding  does 
naturally  understand  universals  first;  Fourth,  Whether 
our  understanding  can  understand  many  things  at  once; 
Fijih,  Whether  our  understanding  understands  by  com- 
pounding and  dividing ;  Sia^th,  ^Vliether  the  understand- 
ing can  err ;  Seventh^  Whether  one  person  can  understand 
the  same  thing  better  than  another;  Eighth,  Whether 
our  understanding  understands  the  indivisible  sooner  than 
the  divisible.  And  in  the  discussion  of  the  last  point,  for 
example,  reference  is  made  to  the  passage  of  Aristotle 
which  we  have  already  quoted.  "  It  may  seem,"  he  says, 
« that  we  understand  the  indivisible  before  the  divisible ; 
for  the  Fhih$opher  says  that  we  understand  and  know 
by  knowing  principles  and  elements ;  but  indivisibles  are 
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the  principles  and  elements  of  divisible  things.  But  to 
this  we  may  reply,  that  in  our  receiving  of  science,  prin- 
ciples and  elements  are  not  always  first ;  for  sometimes 
from  the  sensible  effects  we  go  on  to  the  knowledge  of 
intelligible  principles  and  causes."  We  Efee  that  both 
the  objection  and  the  answer  are  drawn  from  Aristotle. 

We  find  the  same  close  imitation  of  Aristotle  in 
Albertus  Magnus,  who,  like  Aquinas,  flourished  in  the 
thirteenth  century,  Albertus,  indeed,  wrote  treatises 
corresponding  to  almost  all  those  of  the  Stagirite,  and 
was  called  the  Ape  of  Aristotle.  In  the  beginning  of  his 
Physics,  he  says,  "  Knowledge  does  not  always  begin  from 
that  which  is  first  according  to  the  nature  of  things,  but 
from  that  of  which  the  knowledge  is  easiest.  For  the 
human  intellect,  on  account  of  its  relation  to  the  sensesi 
(propter  rqflejrionttm  guam  habet  ad  sensum),  collects  science 
from  the  senses ;  and  thus  it  is  easier  for  our  knowledge 
to  begin  from  that  which  we  can  apprehend  by  sense, 
imagination,  and  intellect,  than  from  that  which  we  appre- 
hend by  intellect  alone."  We  see  that  he  has  some- 
what systematized  what  he  has  borrowed. 

This  disposition  to  dwell  upon  and  systematize  the 
leading  doctrines  of  metaphysics  assumed  a  more  defi- 
nite and  permanent  shape  in  the  opposition  of  the 
Realists  and  Nominalists.  The  opposition  involved  in 
this  controversy  is,  in  fact,  that  fundamental  antithesis 
of  Sense  and  Ideas  about  which  philosophy  has  always 
been  engaged ;  and  of  which  we  have  marked  the  mani- 
festation in  Plato  and  Aristotle.  The  question.  What 
is  the  object  of  our  thoughts  when  we  reason  concerning 
the  external  world  ?  must  occur  to  all  speculative  minds : 
and  the  difficulties  of  the  answer  are  manifest.  We 
must  reply  either  that  our  own  Ideas,  or  that  Sensible 
Things,  are  the  elements  of  our  knowledge  of  nature. 
And  then  the  scruples  again  occurs — ^how  we  have  any 
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general  knowledge  if  our  thoughts  are  fixed  on  particular 
objects ;  and,  on  the  other  hand, — ^how  we  can  attain  to 
any  trtte  knowledge  of  nature  by  contemplating  ideas 
which  are  not  identical  with  objects  in  nature.  The  two 
opposite  opinions  maintained  on  this  subject  were,  on  the 
one  side, — that  our  general  propositions  refer  to  objects 
which  are  real^  though  divested  of  the  peculiarities  of 
individuals ;  and,  on  the  other  side, — that  in  such  propo- 
sitions, individuals  are  not  represented  by  any  reality,  but 
bound  together  by  a  name.  These  two  views  were  held 
by  the  Realists  and  Nominalists  respectively:  and  thus 
the  Realist  manifested  the  adherence  to  Ideas,  and  the 
Nominalist  the  adherence  to  the  impressions  of  Sense, 
which  have  always  existed  as  opposite  yet  correlative 
tendencies  in  man. 

The  Realists  were  the  prevailing  sect  in  the  Scholastic 
times:  for  example,  both  Thomas  Aquinas  and  Duns 
Scotus,  the  Angelical  and  the  Subtile  Doctor,  held  this 
opinion,  although  opposed  to  each  other  in  many  of  their 
leading  doctrines  on  other  subjects.  And  as  the  Nomi- 
nalist, fixing  his  attention  upon  sensible  objects,  is  obliged 
to  consider  what  is  the  principle  of  ge?ieralization,  in  order 
that  the  possibility  of  any  general  proposition  may  be 
conceivable  ;  so  on  the  other  hand,  the  Realist,  beginning 
with  the  contemplation  of  universal  ideas,  is  compelled  to 
ask  what  is  the  principle  of  individuation^  in  order  that  he 
may  comprehend  the  application  of  general  propositions 
in  each  particular  instance.  This  inquiry  concerning  the 
principle  of  individuation  was  accordingly  a  problem 
which  occupied  all  the  leading  minds  among  the  School- 
men*. It  will  be  apparent  from  what  has  been  said,  that 
it  is  only  one  of  the  many  forms  of  the  fundamental 
antithesis  of  the  Ideas  and  the  Senses,  which  we  have 
constantly  before  us  in  this  review. 

*  See  the  opinion  of  Aquinas,  Deqerando,  Hut,  Com,  des  Syst,.  iv. 
499 ;  of  Duns  Scotus,  t ^.,  iv.  523. 
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The  recogDition  of  the  derivation  of  our  knowledge, 
in  part  at  leasts  from  Experience,  though  always  loose 
and  incomplete,  appears  often  to  be  independent  of  the 
Peripatetic  traditions.  Thus  Richard  of  St.  Victor,  a 
writer  of  contemplative  theology  in  the  twelfth  century, 
says*,  that  "  there  are  three  sources  of  knowledge,  experi- 
ence, reason,  faith.  Some  things  we  prove  by  experiment, 
others  we  collect  by  reasoning,  the  certainty  of  others 
we  hold  by  believing.  And  with  regard  to  temporal 
matters,  we  obtain  our  knowledge  by  actual  experience ; 
the  other  guides  belong  to  divine  knowledge."  Richard 
also  propounds  a  division  of  human  knowledge  which  is 
clearly  not  derived  directly  from  the  ancients,  and  which 
shows  that  considerable  attention  must  have  been  paid  to 
such  speculations.  He  begins  by  laying  down  clearly 
and  broadly  the  distinction,  which,  as  we  have  seen,  is  of 
primary  importance,  between  practice  and  theory.  Practice^ 
he  says,  includes  seven  mechanical  arts;  those  of  the 
clothier,  the  armourer,  the  navigator,  the  hunter,  the 
physician,  and  the  player.  Theory  is  threefold,  divine, 
natural,  doctrinal ;  and  is  .thus  divided  into  Theology, 
Physics,  and  Mathematics.  Mathematics^  he  adds,  treats 
of  the  invisible  forms  of  visible  things.  We  have  seen 
that  by  many  profound  thinkers  this  wox^  forms  has  been 
selected  as  best  fitted  to  describe  those  relations  of  things 
which  are  the  subject  of  mathematics.  Again,  Physics 
discovers  causes  from  their  effects  and  effects  from  their 
causes.  It  would  not  be  easy  at  the  present  day  to  give 
a  better  account  of  the  object  of  physical  science.  But 
Richard  of  St.  Victor  makes  this  account  still  more 
remarkably  judicious,  by  the  examples  to  which  he 
alludes;  which  are  earthquakes,  the  tides,  the  virtues 
of  plants,  the  instincts  of  animals,  the  classification  of 
minerals,  plants  and  reptiles. 

*  Liber  JSxcerptumum^  L  L  c.  I. 
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Unde  tremor  terrig,  qua  vi  maria  alta  tumescant, 

Herbarum  vires,  animos  irasque  feraruin, 

Omne  genus  fruticum,  lapidum  quoque,  reptiliumque. 

He  further  adds*,  "  Physical  science  ascends  from  efifects 
to  causes,  and  descends  again  from  causes  to  effeots.'" 
This  declaration  Francis  Bacon  himself  might  have 
adopted.  It  is  true,  that  Richard  would  probably  have 
been  little  able  to  produce  any  clear  and  definite  instances 
of  knowledge,  in  which  this  ascent  and  descent  were 
exemplified ;  but  still  the  statement,  even  considered  as 
a  mere  conjectural  thought,  contains  a  portion  of  that 
sagacity  and  comprehensive  power  which  we  admire  so 
much  in  Bacon. 

Richard  of  St.  Victor,  who  lived  in  the  twelfth  cen- 
tury, thus  exhibits  more  vigour  and  independence  of 
speculative  power  than  Thomas  Aquinas,  Albertus  Mag- 
nus, and  Duns  Scotus  in  the  thirteenth.  In  the  interval, 
about  the  end  of  the  twelfth  century,  the  writings  of 
Aristotle  had  become  generally  known  in  the  West ;  and 
had  been  elevated  into  the  standard  of  philosophical 
doctrine,  by  the  divines  mentioned  above,  who  felt  a 
reverent  sympathy  with  the  systematizing  and  subtle 
spirit  of  the  Stagirite  as  soon  as  it  was  made  manifest  to 
them.  These  doctors,  following  the  example  of  their 
great  forerunner,  reduced  every  part  of  human  know- 
ledge to  a  systematic  form ;  the  systems  which  they  thus 
framed  were  presented  to  men's  minds  as  the  only  true 
philosophy,  and  dissent  from  them  was  no  longer  con- 
sidered to  be  blameless.  It  was  an  offence  against  reli- 
gion as  well  as  reason  to  reject  the  truth,  and  the  truth 
could  be  but  one.  In  this  manner  arose  that  claim  which 
the  Doctors  of  the  Church  put  forth  to  control  men's 
opinions  upon  all  subjects,  and  which  we  have  spoken  of 
in  the   History  of  Science  as  the   Dogmatism  of  the 

*  Tf\  Ex.,  I.  i.  c.  7. 
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Middle  Ages.  There  is  no  difficulty  in  giving  examples 
of  this  characteristic.  We  may  take  for  instance  a 
Statute  of  the  University  of  Paris,  occasioned  by  a  Bull 
of  Pope  John  XXL,  in  which  it  is  enacted,  "  that  no 
Master  or  Bachelor  of  any  faculty,  shall  presume  to 
read  lectures  upon  any  author  in  a  private  room,  on 
account  of  the  many  perils  which  may  arise  therefrom ; 
but  shall  read  in  public  places,  where  all  may  resort,  and 
may  faithfully  report  what  is  there  taught;  excepting 
only  books  of  Grammar  and  Logic,  in  which  there  can  be 
no  presumption."  And  certain  errors  of  Brescain  are 
condemned  in  a  Rescript  *  of  the  papal  Legate  Odo,  with 
the  following  expressions :  "  Whereas,  as  we  have  been 
informed,  certain  Logical  professors  treating  of  Theology 
in  their  disputations,  and  Theologians  treating  of  Logic, 
contrary  to  the  command  of  the  law  are  not  afraid  to 
mix  and  confound  the  lots  of  the  Lord's  heritage;  we 
exhort  and  admonish  your  University,  all  and  singular, 
that  they  be  content  with  the  landmarks  of  the  Sciences 
and  Faculties  which  our  Fathers  have  fixed;  and  that 
having  due  fear  of  the  curse  pronounced  in  the  law 
against  him  who  removeth  his  neighbour's  landmark, 
you  hold  such  sober  wisdom  according  to  the  Apostles, 
that  ye  may  by  no  means  incur  the  blame  of  innovation 
or  presumption." 

The  account  which,  in  the  History  of  Science,  I  gave 
of  Dogmatism  as  a  characteristic  of  the  middle  ages,  has 
been  indignantly  rejected  by  a  very  pleasing  modern 
writer,  who  has,  with  great  feeling-  and  great  diligence, 
brought  into  view  the  merits  and  beauties  of  those  times, 
termed  by  him  Ages  of  Faith.  He  urgesf  that  religious 
authority  was  never  claimed  for  physical  science :  and  he 
quotes  from  Thomas  Aquinas,  a  passage  in  which   the 

*  Tenneman,  viii.  461. 
^  Mores  CathoUci^  or  Age9  of  Faiih^  viii.  p.  247'. 
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author  protests  against  the  practice  of  confounding  opi- 
nions of  philosophy  with  doctrines  of  faith.  We  might 
quote  in  return  the  Rescript*  of  Stephen,  bishop  of  Paris, 
in  which  he  declares  that  there  can  be  but  one  truth,  and 
rejects  the  distinction  of  things  being  true  according  to 
philosophy  and  not  according  to  the  Catholic  faith ;  and 
it  might  be  added,  that  among  the  errors  condemned  in 
this  document  are  some  of  Thomas  Aquinas  himself.  We 
might  further  observe,  that  if  no  physical  doctrines  were 
condemned  in  the  times  of  which  we  now  speak,  this  was 
because,  on  such  subjects,  no  new  opinions  were  promul- 
gated, and  not  because  opinion  was  free.  As  soon  as 
new  opinions,  even  on  physical  subjects,  attracted  general 
notice,  they  were  prohibited  by  authority,  as  we  see  in 
the  case  of  Galileof . 

But  this  disinclination  to  recognize  philosophy  as 
independent  of  religion,  and  this  disposition  to  find  in 
new  theories,  even  in  physical  ones,  something  contrary 
to  religion  or  scripture,  are,  it  would  seem,  very  natural 

*  Tenneman,  viii.  460. 

t  If  there  were  any  doubt  on  this  subject,  we  might  refer  to  the 
writers  who  afterwards  questioned  the  supremacy  of  Aristotle,  and 
who  with  one  voice  assert  that  an  infallible  authority  had  been  claimed 
for  him.  Thus  Laurentius  Valla  :  "  Quo  minus  ferendi  sunt  recentes 
Peripatetic!,  qui  nullius  sectae  hominibus  interdicunt  libertate  ab  Aris- 
totle dissentiendi,  quasi  sophos  hie,  non  philosophus."  Pref,  in  Dial. 
(Tenneman,  ix.  29.)  So  Ludovicus  Vivcs :  "  Sunt  ex  philosophis  et 
ex  theologis  qui  non  solem  quo  Aristoteles  pervenit  extremum  esse 
aiunt  naturae,  sod  qua  pervenit  eam  rectissimam  esse  omnium  et  cer- 
tissimam  in  natura  viam."  (Tenneman,  ix.  43.)  We  might  urge  too, 
the  evasions  practised  by  Reformers,  through  fear  of  the  dogmatism 
to  which  they  had  to  submit ;  for  example,  the  protestation  of  Telesius 
at  the  end  of  the  Proem  to  his  work,  De  Rerum  Natura :  *'  Nee  tamen» 
si  quid  eorum  qu»  nobis  posita  sunt,  sacris  literis,  Catholicseve  ecclesiffi 
decretis  non  cohsereat,  tenendum  id,  quin  penitus  rejiciendiun  aseere- 
ramus  contendimusque.  Neque  enim  hutnana  modo  ratio  qua^vis,  sed 
ipse  etiam  tetitus  illis  poithahenduSy  et  si  illis  non  congruat,  abnegandus 
omnino  et  ipse  etiam  est  sensus.'* 
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tendencies  of  theologians;  and  it  would  be  unjust  to 
assert  that  these  propensities  were  confined  to  the  periods 
when  the  authority  of  papal  Rome  was  highest ;  or  that 
the  spirit  which  has  in  a  great  degree  controlled  and 
removed  such  habits  was  introduced  by  the  Reformation 
of  religion  in  the  sixteenth  century.  We  must  trace  to 
other  causes,  the  clear  and  general  recognition  of  Phi- 
losophy, as  distinct  from  Theology,  and  independent  of  her 
authority.  In  the  earlier  ages  of  the  Church,  indeed, 
this  separation  had  been  acknowledged.  St.  Augustin 
says,  "  A  Christian  should  beware  how  he  speaks  on 
questions  of  natural  philosophy,  as  if  they  were  doctrines 
of  Holy  Scripture ;  for  an  infidel  who  should  hear  him 
deliver  absurdities  could  not  avoid  laughing.  Thus  the 
Christian  would  be  confused,  and  the  infidel  but  little 
edified ;  for  the  infidel  would  conclude  that  our  authors 
really  entertained  these  extravagant  opinions,  and  there- 
fore they  would  despise  them,  to  their  own  eternal  ruin. 
Therefore  the  opinions  of  philosophers  should  never  be  pro- 
posed as  dogmas  of  faith,  or  rejected  as  contrary  to  faith, 
when  it  is  not  certain  that  they  are  so."  These  words  are 
quoted  with  approbation  by  Thomas  Aquinas,  and  it  is 
said*,  arc  cited  in  the  same  manner  in  every  encyclope- 
dical work  of  the  middle  ages.  This  warning  of  genuine 
wisdom  was  afterwards  rejected,  as  we  have  seen  ;  and  it 
it  only  in  modem  times  that  its  value  has  again  been 
fully  recognized.  And  this  improvement  we  must  ascribe, 
mainly  to  the  progress  of  physical  science.  For  a  great 
body  of  undeniable  truths  on  physical  subjects  being  accu- 
mulated, such  as  had  no  reference  to  nor  connexion  with 
the  truths  of  religion,  and  yet  such  as  possessed  a  strong 
interest  for  most  men's  minds,  it  was  impossible  longer  to 
deny  that  there  were  wide  provinces  of  knowledge  which 

*  Agtn  of  Faxihy  viii.  247 :  to  the  author  of  which  I  am  obliged 
for  this  quotation. 
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were  not  included  in  the  dominions  of  Theology,  and  OTef 
which  she  had  no  authority.  In  the  fifteenth  and  sixteenth 
centuries^  the  fundamental  doctrines  of  mechanics,  hydro* 
statics,  optics,  magnetics,  chemistry,  were  established  and 
promulgated ;  and  along  with  them,  a  vast  train  of  conse* 
quences,  attractive  to  the  mind  by  the  ideal  relatione 
which  they  exhibited,  and  striking  to  the  senses  by  the 
power  which  they  gave  man  over  nature.  Here  was  a 
region  in  which  philosophy  felt  herself  entitled  and  im- 
pelled to  assert  her  independence.  From  this  region, 
there  is  a  gradation  of  subjects  in  which  philosophy  ad- 
vances more  and  more  towards  the  peculiar  domain  of 
religion;  and  at  some  intermediate  points  there  have 
been,  and  probably  will  always  be,  conflicts  respecting 
the  boundary  line  of  the  two  fields  of  speculation.  For 
the  limit  is  vague  and  obscure,  and  appears  to  fluctuate 
and  shift  with  the  progress  of  time  and  knowledge. 

Our  business  at  present  is  not  with  the  whole  extent 
and  limits  of  philosophy,  but  with  the  progress  of  physical 
science  more  particularly,  and  the  methods  by  which  it 
may  be  attained :  and  we  are  endeavouring  to  trace  his- 
torically the  views  which  have  prevailed  respecting  such 
methods,  at  various  periods  of  man's  intellectual  progress. 
Among  the  most  conspicuous  of  the  revolutions  which 
opinions  on  this  subject  have  undergone,  is  the  transition 
from  an  implicit  trust  in  the  internal  powers  of  man's 
mind  to  a  professed  dependence  upon  external  observation; 
and  from  an  unbounded  reverence  for  the  wisdom  of  the 
past,  to  a  fervid  expectation  of  change  and  improve- 
ment. The  origin  and  progress  of  this  disposition  of 
mind  ;  the  introduction  of  a  state  of  things  in  which  men 
not  only  obtained  a  body  of  indestructible  truths  from 
experience,  and  increased  it  from  generation  to  genera^ 
tion,   but  professedly,  and  we  may  say,   ostentatiously. 
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declared  such  to  be  the  source  of  their  knowledge,  and 
such  their  hopes  of  its  destined  career ; — the  rise,  in  shorty 
of  Experimental  Philosophy,  not  only  as  a  habit,  but  as  a 
Philosophy  of  Experience,  is  what  we  must  now  endea* 
Tour  to  exhibit. 


Chapter  VII. 
THE  INNOVATORS  OF  THE  MIDDLE  AGES. 

General  Remarks.--^ In  the  rise  of  Experimental 
Philosophy,  understanding  the  term  in  the  way  just  now 
stated,  two  features  have  already  been  alluded  to :  the 
disposition  to  cast  off  the  prevalent  reverence  for  the 
opinions  and  methods  of  preceding  teachers  with  an  eager 
expectation  of  gome  vast  advantage  to  be  derived  from  a 
change ;  and  the  belief  that  this  improvement  must  be 
sought  by  drawing  our  knowledge  from  external  observa* 
tion  rather  than  from  mere  intellectual  efforts; — the 
InsurrecHan  against  AtUhority^  and  tJie  Appeal  to  Eape** 
rience.  These  two  movements  were  closely  connected  ; 
but  they  may  easily  be  distinguished,  and  in  fact,  persons 
were  very  prominent  in  the  former  part  of  the  task,  who 
had  no  comprehension  of  the  latter  principle,  from  which 
alone  the  change  derives  its  value.  There  were  many 
Malcontents  who  had  no  temper,  talent  or  knowledge, 
which  fitted  them  to  be  Reformers. 

The  authority  which  was  questioned,  in  the  struggles 
of  which  we  speak,  was  that  of  the  Scholastic  System, 
the  combination  of  Philosophy  with  Theology ;  of  which 
Aristotle,  presented  in  the  form  and  manner  which  the 
Doctors  of  the  Church  had  imposed  upon  him,  is  to  be 
considered  the  representative.  When  there  was  demanded 
of  men  a  submission  of  the  mind,  such  as  this  system 
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claimed,  the  natural  love  of  freedom  iu  man's  bo9pin« 
and  the  speculative  tendencies  of  his  intellect^  rose  ip 
rebellion,  from  time  to  time,  against  the  ruling  oppres* 
sion.  We  find  in  all  periods  of  the  scholastic  ages  ex- 
amples of  this  disposition  of  man  to  resist  overstrained 
authority;  the  tendency  being  mostly,  however,  com- 
bined with  a  want  of  solid  thought,  and  showing  itself 
in  extravagant  pretensions  and  fantastical  systems  put 
forwards  by  the  insurgents.  We  have  pointed  out  one 
such  opponent  "*  of  the  established  systems,  even  among 
the  Arabian  schoolmen,  a  more  servile  race  than  ever  the 
Europeans  were.  We  may  here  notice  more  especially 
an  extraordinary  character  who  appeared  in  the  thirteenth 
century,  and  who  may  be  considered  as  belonging  to  the 
Prelude  of  the  Reform  in  Philosophy,  although  he  had 
no  share  in  the  Reform  itself. 

Raymond  LvUy. — Raymond  LuUy  is  perhaps  tradi- 
tionally best  known  as  an  Alchemist,  of  which  art  he 
appears  to  have  been  a  cultivator.  But  this  was  only 
one  of  the  many  impulses  of  a  spirit  ardently  thirsty 
of  knowledge  and  novelty.  He  hadf,  in  his  youth, 
been  a  man  of  pleasure,  but  was  driven  by  a  sudden 
shock  of  feeling  to  resolve  on  a  complete  change  of  life. 
He  plunged  into  solitude,  endeavoured  to  still  the  re- 
morse of  his  conscience  by  prayer  and  penance,  and  soon 
had  his  soul  possessed  by  visions  which  he  conceived 
were  vouchsafed  him.  In  the  feeling  of  religious  enthu- 
siasm thus  excited,  he  resolved  to  devote  his  life  to  the 
diffusion  of  Christian  truth  among  Heathens  and  Maho- 
medans.  For  thus  purpose,  at  the  age  of  thirty  he  betook 
himself  to  the  study  of  Grammar,  and  of  the  Arabic 
language.  He  breathed  earnest  supplications  for  au 
illumination  from  above ;  and  these  were  answered  by  his 

*  Algazel.    See  H{»t.  Lid.  Sd.,  i.,  251. 
t  Tknneman,  viii.  880. 
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receiving  from  Iieaven,  as  his  admirers  declare,  bis  Ars 
Magyuiy  by  wbicli  lie  was  able  without  labour  or  effort  to 
learn  and  apply  all  knowledge.  The  real  state  of  the  case 
is,  that  he  put  himself  in  opposition  to  the  established 
systems,  and  propounded  a  New  Art,  from  which  he 
promised  the  most  wonderful  results ;  but  that  his  Art 
really  is  merely  a  mode  of  combining  ideal  conceptions 
without  any  reference  to  real  sources  of  knowledge,  or  any 
possibility  of  real  advantage.  In  a  Treatise  addressed,  in 
A.D.  1310,  to  King  Phihp  of  France,  entitled  Liber  Lament 
tatiords  Duodecim  Principiorum  Philosophice  contra  Aver^ 
rohtasy  Lully  introduces  Philosophy,  accompanied  by  her 
twelve  Principles  (Matter,  Form, Generation,  &c.)  uttering 
loud  complaints  against  the  prevailing  system  of  doctrine ; 
and  represents  her  as  presenting  to  the  king  a  petition 
that  she  may  be  upheld  and  restored  by  her  favourite,  the 
Author.  His  Tabtda  Generalis  ad  omnes  Scientias  appli" 
cahilis  was  begun  the  15th  September,  1292,  in  the 
Harbour  of  Tunis,  and  finished  in  1293,  at  Naples.  In 
order  to  frame  an  Art  of  thus  tabulating  all  existing 
sciences,  and  indeed  all  possible  knowledge,  he  divides 
into  various  classes  the  conceptions  with  which  he  has  to 
deal.  The  first  class  contains  nine  Absolute  Conceptions: 
Goodness,  Greatness,  Duration,  Power,  Wisdom,  Will, 
Virtue,  Tmth,  Majesty.  The  second  class  has  nine  Reh- 
five  Conceptions :  Difference,  Identity,  Contrariety,  Be- 
ginning, Middle,  End,  Majority,  Equality,  Minority.  The 
third  class  contains  nine  Questions:  Whether?  What? 
Whence?  Why?  How  great?  How  circumstanced? 
When  ?  Where  ?  and  How  ?  The  fourth  class  contains 
the  nine  Most  General  Subjects:  God,  Angel,  Heaven, 
Man,  Imaginativum^  Sensitivum,  Vegetativum^  Elementa- 
tivumy  Instrumentativum.  Then  come  nine  PrcedicamentSj 
nine  Moi'ol  QualitieSy  and  so  on.    These  conceptions  are 

VOL.  II.  Y 
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arranged  in  the  compartments  of  certain  concentrio  moTe- 
able  circles,  and  give  various  combinations  by  meanB  of 
triangles  and  other  figures,  and  thus  propositions  are  eonh 
structed. 

It  must  be  clear  at  once,  that  no  real  knowledge^ 
which  is  the  union  of  facts  and  ideas,  can  result  £rom 
this  machinery  for  shifting  about,  joining  and  diigoiniqg, 
empty  conceptions.  This,  and  all  similar  schemes  go 
upon  the  supposition  that  the  logical  combinations  of 
notions  do  of  themselves  compose  knowledge ;  and  that 
really  existing  things  may  be  arrived  at  by  a  successive 
system  of  derivation  from  our  most  general  ideas.  It  is 
imagined  that  by  distributing  the  nomenclature  of  abstract 
ideas  according  to  the  place  which  they  can  hold  in  our 
propositions,  and  by  combining  them  according  to  certain 
conditions,  we  may  obtain  formulce  including  all  possible 
truths,  and  thus  fabricate  a  science  in  which  all  sciences 
are  contained.  We  thus  obtain  the  means  of  talking  and 
writing  upon  all  subjects,  without  the  trouble  of  thinking : 
the  revolutions  of  the  emblematical  figures  are  substi- 
tuted for  the  operations  of  the  mind.  Both  exertion  of 
thought,  and  knowledge  of  facts,  become  superfluous. 
And  this  reflection,  adds  an  intelligent  author*,  explains 
the  enormous  number  of  books  which  LuUy  is  said  to 
have  written;  for  he  might  have  written  those  even 
during  his  sleep,  by  the  aid  of  a  moving  power  which 
should  keep  his  machine  in  motion.  Having  once  devised 
this  invention  for  manufacturing  science,  Lully  varied  it 
in  a  thousand  ways,  and  followed  it  into  a  variety  of 
developments.  Besides  Synoptical  Tables,  he  employs 
Genealogical  Trees,  which  he  dignifies  vrith  the  name  of 
the  Tree  of  Science.  The  only  requisite  for  the  applica- 
tion of  his  System  veas  a  certain  agreement  in  the  num-» 
bers  of  the  classes  into  which  different  subjects  were 

*  Droerando,  iv.  535. 
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distributed ;  and  as  this  symmetry  does  not  really  exist 
in  the  operations  of  our  thoughts,  some  violence  was 
done  to  the  natural  distinction  and  subordination  of  con- 
ceptions, in  order  to  fit  them  for  the  use  of  the  System* 

Thus  Lully,  while  he  professed  to  teach  an  Art  which 
was  to  shed  new  light  upon  every  part  of  science,  was  in 
fact  employed  in  a  pedantic  and  trifling  repetition  of 
known  truths  or  truisms;  and  while  he  complained  of 
tlie  errors  of  existing  methods,  he  proposed  in  their  place 
one  which  was  far  more  empty,  barren,  and  worthless^ 
than  the  customary  processes  of  human  thought.  Yet 
his  method  is  spoken  of*  with  some  praise  by  Leibnitz, 
who  indeed  rather  delighted  in  the  region  of  ideas  and 
words,  than  in  the  world  of  realities.  But  Francis  Bacon 
speaks  far  otherwise  and  more  justly  on  this  subjectf. 
^'  It  is  not  to  be  omitted  that  some  men,  swollen  with 
emptiness  rather  than  knowledge,  have  laboured  to  pro* 
duce  a  certain  Method,  not  deserving  the  name  of  a 
legitimate  Method,  since  it  is  rather  a  Inethod  of  impos* 
ture :  which  yet  is  doubtless  highly  grateful  to  certain 
would-be  philosophers.  This  method  scatters  about  cer- 
tain little  drops  of  science  in  such  a  manner  that  a  smat- 
terer  may  make  a  perverse  and  ostentatious  use  of  them 
with  a  certain  show  of  learning.  Such  was  the  Art  of 
Lully,  which  consisted  of  nothing  but  a  mass  and  heap  of 
the  words  of  each  science ;  with  the  intention  that  he  who 
can  readily  produce  the  words  of  any  science  shall  \)% 
supposed  to  know  the  science  itself.  Such  collections 
are  like  a  rag  shop,  where  you  find  a  patch  of  everything; 
but  nothing  which  is  of  any  value." 

Moger  Bacon. — We  now  come  to  a  philosopher  of. 
a  very  different  character,  who  was  impeUed  to  declare 
his  dissent  from  the  reigning  philosophy  by  the  abundance 
of  his  knowledge,  and  by  his  clear  apprehension  of  tba 

♦  Opero,  Y.  1«.  t    Work9,  vii.  296. 
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mode  in  which  real  knowledge  had  been  acc]uired  and 
must  be  increased. 

Roger  Bacon  was  born  in  1214,  near  Ilchester,  in 
Somersetshire,  of  an  old  family.  In  his  youth  he  was  a 
student  at  Oxford,  and  made  extraordinary  progress  ia 
all  branches  of  learning.  He  then  went  to  the  Univer- 
sity of  Paris,  as  was  at  that  time  the  custom  of  learned 
Englishmen,  and  there  received  the  degree  of  Doctor  of 
Theology.  At  the  persuasion  of  Robert  Grostete,  bishop 
of  Lincoln,  he  entered  the  brotherhood  of  Franciscans  ia 
Oxford,  and  gave  himself  up  to  study  with  extraordinaiy 
fervour.  He  was  termed  by  his  brother  monks  Doctor 
MvrabUis.  We  know  from  his  own  works,  as  well  as  from 
the  traditions  concerning  him,  that  he  possessed  an  inti- 
mate acquaintance  with  all  the  science  of  his  time  which 
could  be  acquired  from  books ;  and  that  he  had  made 
many  remarkable  advances  by  means  of  his  own  experi- 
mental  labours.  He  was  acquainted  with  Arabic,  as  well 
as  with  the  other  languages  common  in  his  time.  In  the 
titles  of  his  works,  we  find  the  whole  range  of  science 
and  philosophy.  Mathematics  and  Mechanics,  Optics, 
Astronomy,  Geography,  Chronology,  Chemistry,  Magic, 
Music,  Medicine,  Grammar,  Logic,  Metaphysics,  Ethics, 
and  Theology;  and  judging  from  those  which  are  pub« 
lished,  these  works  are  full  of  sound  and  exact  knowledge. 
He  is,  with  good  reason,  supposed  to  have  discovered,  or 
to  have  had  some  knowledge  of,  several  of  the  most 
remarkable  inventions  which  were  made  generally  known 
soon  afterwards,  as  gunpowder,  lenses,  burning  speculaj 
telescopes,  clocks,  the  correction  of  the  calendar,  and  the 
explanation  of  the  rainbow. 

Thus  possessing,  in  the  acquirements  and  habits  of 
his  own  mind,  abundant  examples  of  the  nature  of  know- 
ledge and  of  the  process  of  invention.  Bacon  felt  also  a 
deep  interest  in  the  growth   and  progress   of  science. 


INK0VAT0B8  OF  THE  MIDDLE  AGES.  325 

a  si>irit  of  inquiry  respecting  the  causes  which  produced 
or  prevented  its  advance,  and  a  fervent  hope  and  trust 
in  its  future  destinies ;  and  these  feelings  impelled  him 
to  speculate  worthily  and  wisely  respecting  a  reform  of 
the  method  of  philosophizing.  The  manuscripts  of  his 
works  have  existed  for  nearly  six  hundred  years  in  many 
of  the  libraries  of  Europe,  and  especially  in  those  of 
England ;  and  for  a  long  period  the  very  imperfect  por- 
tions of  them  which  were  generally  known,  left  the 
character  and  attainments  of  the  author  shrouded  in  a 
kind  of  mysterious  obscurity.  About  a  century  ago,  how- 
ever, his  Optts  Majus  was  published*  by  Dr.  S.  Jebb, 
principally  from  a  manuscript  in  the  library  of  Trinity 
College,  Dublin ;  and  this  contained  most  or  all  of  the 
separate  works  which  were  previously  known  to  the 
public,  along  with  others  still  more  peculiar  and  charac- 
teristic. We  are  thus  able  to  judge  of  Bacon's  knowledge 
and  of  his  views,  and  they  are  in  every  way  well  worthy 
our  attention. 

The  Opus  Majus  is  addressed  to  Pope  Clement  the 
Fourth,  whom  Bacon  had  known  when  he  was  legate  in 
England  as  Cardinal-bishop  of  Sabina,  and  who  admired 
the  talents  of  the  monk,  and  pitied  him  for  the  persecu- 
tions to  which  he  was  exposed.  On  his  elevation  to  the 
papal  chair,  this  account  of  Bacon's  labours  and  views 
was  sent,  at  the  earnest  request  of  the  pontiff.  Besides 
the  Opus  Majusy  he  wrote  two  others,  the  Opus  Minus 
and  Opus  Tertium ;  which  were  also  sent  to  the  pope,  as 
the  author  saysf ,  "  on  account  of  the  danger  of  roads, 
and  the  possible  loss  of  the  work."  These  works  still 
exist  unpublished,  in  the  Cottonian  and  other  libraries. 

*  FratrU  Rogeri  Bacon  Ordinis  Minorum  Opus  Majus  ad  Cle^ 
nifiutem  Quartum^  Pantificem  Bomanum^  ex  MS,  Codlce  Dttblinisnti 
cutn  aliii  quihufdam  eoUato  nunc  primum  edidii  S.  Jebb,  H.D. 
Londiui,  1733.  t  Opw  Mn^f  Pi»f. 
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The  0pm  Majus  is  a  work  equally  wonderful  with 
Tegard  to  its  general  scheme,  and  to  the  special  treatises 
with  which  the  outlines  of  the  plan  are  filled  up.  The 
professed  object  of  the  work  is  to  urge  the  necessity  of  a 
reform  in  the  mode  of  philosophizing,  to  set  forth  the 
reasons  why  knowledge  had  not  made  a  greater  progress,  to 
dmw  back  attention  to  the  sources  of  knowledge  which  had 
been  unwisely  neglected,  to  discover  other  sources  which 
Were  yet  almost  untouched,  and  to  animate  men  in  the 
Undertaking,  by  a  prospect  of  the  vast  advantages  which 
it  offered.  In  the  development  of  this  plan,  all  the  lead- 
ing portions  of  science  are  expounded  in  the  most  com- 
plete shape  which  they  had  at  that  time  assumed ;  and 
Improvements  of  a  very  wide  and  striking  kind  are  pro- 
posed in  some  of  the  principal  of  these  departments. 
Even  if  the  work  had  had  no  leading  purpose,  it  would 
have  been  highly  valuable  as  a  treasure  of  the  most  solid 
knowledge  and  soundest  speculations  of  the  time ;  ev«i 
if  it  had  contained  no  such  details,  it  would  have  been  a 
work  most  remarkable  for  its  general  vieM's  and  scope. 
It  may  be  considered  as,  at  the  same  time,  the  JEtuycUh 
pedia  and  the  Novum  Organon  of  the  thirteenth  centuiy. 

Since  this  work  is  thus  so  important  in  the  history 
of  inductive  philosophy  I  shall  give,  in  a  note,  a  view*  of 

*  Contents  of  Roger  Bacon's  Opus  Majus, 
Part      I.  On   tho  four  causes  of  human    ignorance :  —  Authority, 
Custom,   Popular  Opinion,   and  the  Pride  of  supposed 
Knowledge. 
Part    II.  On  the  source  of  perfect  wisdom  in  the  Sacred  Scripture. 
Part  III.  On  the  Usefulness  of  Grammar. 
Part  IV.  On  the  Usefulness  of  Afathematics. 

(1.)  The  necessity  of  Mathematics  in  Human  Things  (pub- 
lished separately  as  the  Specula  Mathematicd), 
(2.)  Tho  necessity  of  Mathematics  in  Divine  Things. — 1®. 
This  study  has  occupied  holy  men :  2°,  Geography : 
3°.  Chronology:  4**.  Cycles;  the  Golden  Nuoibar, 
&c. :  5°.  Natural  phenomena,  as  the  Bainbow :  6^. 
Arithmetic :  T*  Music. 
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its  diyisioQS  and  contents.  But  I  must  now  endeavour 
to  point  out  more  especially  the  way  in  which  the  various 
principles,  which  the  reform  of  scientific  method  involved, 
are  here  brought  into  view. 

One  of  the  first  points  to  be  noticed  for  this  purpose, 
is  the  resistance  to  authority ;  and  at  the  stage  of  philo- 
sophical history  with  which  we  here  have  to  do,  this  means 
resistance  to  the  authority  of  Aristotle,  as  adopted  and 
interpreted  by  the  Doctors  of  the  Schools.  Bacon's  work* 
is  divided  into  Six  Parts ;  and  of  these  Parts,  the  First  is, 
Of  the  four  universal  Causes  of  all  Human  Ignorance. 
The  causes  thus  enumerated f  are: — the  force  of  unworthy 
authority ; — ^traditionary  habit ; — the  imperfection  of  the 
undisciplined  senses ; — and  the  disposition  to  conceal  our 
ignorance  and  to  make  an  ostentatious  show  of  our  know- 
ledge. These  influences  involve  every  man,  occupy  every 
condition.  They  prevent  our  obtaining  the  most  useful 
and  large  and  fair  doctrines  of  wisdom,  the  secrets  of  all 
sciences  and  arts.  He  then  proceeds  to  argue,  from  the 
testimony  of  philosophers  themselves,  that  the  authority 
of  antiquity,  and  especially  of  Aristotle,  is  not  infallible. 
"  We  find  J  their  books  full  of  doubts,  obscurities,  and 
perplexities.      They  scarce  agree  with  each  other  in  one 

(3.)  The  Necessity  of  Mathematics  in  Ecclesiastical  Things. 

l^  The  Certification  of  Faith :  2*».  The  Correction  of 

the  Calendar. 
(4.)  The  Necessity  of  Mathematics  in  the  State. — P.  Of 

Climates:   2®.  Hydrography:    3^   Geography:    4^ 

Astrology. 
Part    V.  On  Perspective  (published  separately  as  Perspeetha). 
(1.)  The  organs  of  vision. 
(2.)  Vision  in  straight  lines. 
(3.)  Vision  reflected  and  refracted. 
(4.)  De  multiplicatione  speciemm  (on  the  propagation  of 

the  impressions  of  light,  heat,  8ic) 
Part  VI.  On  Experimental  Science. 

*  Op.  M€^.j  p.  1.  t  Ib.y  p.  2.  t  lb.,  p.  10. 
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empty  question  or  one  worthless  sophism,  or  one  operation 
of  science,  as  one  man  agrees  with  another  in  the  practical 
operations  of  medicine,  snrgery,  and  the  like  arts  of  secu- 
lar men.  Indeed,"  he  adds,  ^'  not  only  the  philosophefs, 
but  the  saints  have  fallen  into  errors  which  they  have 
afterwards  retracted,"  and  this  he  instances  in  Augnstin, 
Jerome,  and  others.  He  gives  an  admirable  sketch  of  the 
progress  of  philosophy  from  the  Ionic  school  to  Aristotle ; 
whom  he  speaks  of  with  great  applause.  "  Yet,"  he  adds*, 
**  those  who  came  after  him  corrected  him  in  some  things; 
and  added  many  things  to  his  works,  and  shall  go  on 
adding  to  the  end  of  the  world."  Aristotle,  he  adds^  is 
now  called  peculiarly  f  the  Philosopher,  "yet  there  was  a 
time  when  his  philosophy  was  silent  and  unregarded,  either 
on  account  of  the  rarity  of  copies  of  his  works,  or  their 
difficulty,  or  from  envy ;  till  after  the  time  of  Mahomet, 
when  Avicenna  and  Averroes,  and  others,  recalled  this 
philosophy  into  the  full  light  of  exposition.  And  although 
the  Logic,  and  some  other  works  were  translated  hy 
Boethius  from  the  Greek,  yet  the  philosophy  of  Aristotle 
first  received  a  quick  increase  among  the  Latins  at  the 
time  of  Michael  Scot ;  who,  in  the  year  of  our  Lord 
1230,  appeared,  bringing  with  him  portions  of  the 
books  of  Aristotle  on  Natural  Philosophy  and  Mathema- 
tics. And  yet  a  small  part  only  of  the  works  of  this 
author  is  translated,  and  a  still  smaller  part  is  in  the 
hands  of  common  students."  He  adds  further^  (in  the 
Third  Part  of  the  Opus  Majtis^  which  is  a  Dissertation  on 
Language)  that  the  tmnslations  which  are  current  of  these 
writings,  are  very  bad  and  imperfect.  With  these  views, 
he  is  moved  to  express  himself  somewhat  impatiently  6 

♦  Op.  M<^.^  p.  36.  t  Autonomalice.         %  Op,  Maj\,  p.  46. 

§  Sec  Pre/,  to  Jebb*s  edition.    The  passa^rcg  there  quoted,  however 
are  not  extracts  from  the  Opus  Maju$y  but  (apparently)  from  the  Optu 
Mintu  (MS.  Oott.  Tib.  c.  &.J  "  Si  habercni  potestatein  supra  libros 
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respecting  these  works:  *'  If  I  had,"  he  says,  "  power  over 
the  works  of  Aristotle,  I  would  have  them  all  burnt ;  for 
it  is  only  a  loss  of  time  to  study  in  them,  and  a  course  of 
error,  and  a  multiplication  of  ignorance  beyond  expres- 
sion." "  The  common  herd  of  students,"  he  says,  "  with 
their  heads,  have  no  principle  by  which  they  can  be  ex- 
cited to  any  worthy  employment ;  and  hence  they  mope 
and  make  asses  of  themselves  over  their  bad  translations, 
and  lose  their  time,  and  trouble,  and  money." 

The  remedies  which  he  recommends  for  these  evils, 
are,  in  the  first  place,  the  study  of  that  only  perfect 
wisdom  which  is  to  be  found  in  the  sacred  Scripture*, 
in  the  next  place,  the  study  of  mathematics  and  the  use 
of  experiment  f.  By  the  aid  of  these  methods.  Bacon 
anticipates  the  most  splendid  progress  for  human  know- 
ledge. He  takes  up  the  strain  of  hope  and  confidence 
which  we  have  noticed  as  so  peculiar  in  the  Roman 
writers ;  and  quotes  some  of  the  passages  of  Seneca  which 
we  adduced  in  illustration  of  this : — that  the  attempts  in 
science  were  at  first  rude  and  imperfect,  and  were  after- 
wards improved ; — that  the  day  will  come,  w^hen  what  is 

still  unknown  shall  be  brought  to  light  by  the  progress  of 
time  and  the  labours  of  a  longer  period ; — that  one  age 
does  not  suflice  for  inquiries  so  wide  and  various; — that  the 
people  of  future  times  shall  know  many  things  unknown 
to  us; — and  the  time  shall  amve  when  posterity  will 
wonder  that  we  overlooked  what  was  so  obvious.  Bacon 
himself  adds  anticipations  more  peculiarly  in  the  spirit  of 
his  own  time.     "  We  have  seen,"  he  says,  at  the  end  of 

Aristotelis,  ego  facercm  omnes  crcmari;  quia  non  est  nisi  tempers 
amissio  stiidero  in  illis,  et  cause  errorin,  ei  multiplicatio  ignorantiep,  ultra 

id  quod  valeat  cxplicari Yulgus  studentum  cum  capitibus  suis 

non  habet  nude  cxcitetur  ad  aliquid  dignura,  ct  idco  languet  et  asininat 
circa  male  translata,  ct  tenipus  et  studium  araittit  in  omnibus  et  ex- 
pensv." 

*  Part  ii.  t  Parts  iv*,  v.  and  vi. 


330  REVIEW  OF  OPINIONS  ON  KNOWLEDGE. 

the  work,  "  how  Aristotle,  by  the  ways  which  wisdom 
teaches,  could  give  to  Alexander  the  empire  of  the  world. 
And  this  the  Church  ought  to  take  into  consideration 
against  the  infidels  and  rebels,  that  there  may  be  a  sparing 
of  Christian  blood,  and  especially  on  account  of  the 
troubles  that  shall  come  to  pass  in  the  days  of  Antichrist ; 
which  by  the  grace  of  God,  it  would  be  easy  to  obviate, 
if  prelates  and  princes  would  encourage  study,  and  join 
in  searching  out  the  secrets  of  nature  and  art." 

It  may  not  be  improper  to  observe  here  that  this 
belief  in  the  appointed  progress  of  knowledge,  is  not 
combined  with  any  overweening  belief  in  the  imbounded 
and  independent  power  of  the  human  intellect.  On  the 
contrary,  one  of  the  lessons  which  Bacon  draws  from  the 
state  and  prospects  of  knowledge,  is  the  duty  of  iaith  and 
humility.  "  To  him,"  he  says*,  "  who  denies  the  truth  of 
the  faith  because  he  is  unable  to  understand  it,  I  will 
propose  in  reply  the  course  of  nature,  and  as  we  have  seen 
it  in  examples."  And  after  giving  some  instances,  he 
adds,  "  These,  and  the  like,  ought  to  move  men  and  to 
excite  them  to  the  reception  of  divine  truths.  For  if,  in 
the  vilest  objects  of  creation,  truths  are  found,  before 
which  the  inward  pride  of  man  must  bow,  and  believe 
though  it  cannot  understand,  how  much  more  should  man 
humble  his  mind  before  the  glorious  truths  of  God ! "  He 
had  before  saidt:  "Man  is  incapable  of  perfect  wisdom 
in  this  life ;  it  is  hard  for  him  to  ascend  towards  perfection, 
easy  to  glide  downwards  to  falsehoods  and  vanities :  let 
him  then  not  boast  of  his  wisdom,  or  extol  his  knowledge. 
What  he  knows  is  little  and  worthless,  in  respect  of  that 
which  he  believes  without  knowing;  and  still  less,  in 
respect  of  that  which  he  is  ignorant  of.  He  is  mad  who 
thinks  highly  of  his  wisdom ;  he  most  mad,  who  e^bits 

*  Op.  M4^.y  p.  476-  t  lb.,  p.  15. 
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it  as  something  to  be  wondered  at."  He  adds,  as  another 
reason  for  humility,  that  he  has  proved  by  trial,  he  could 
teach  in  one  year,  to  a  poor  boy,  the  marrow  of  all  that 
the  most  diligent  person  could  acquire  in  forty  years 
laborious  and  expensive  study. 

To  proceed  somewhat  more  in  detail  with  regard 
to  Roger  Bacon's  views  of  a  Reform  in  Scientific  inquiry, 
we  may  observe  that  by  making  Mathematics  and  Experi- 
ment the  two  great  points  of  his  recommendation,  he  di- 
rected his  improvement  to  the  two  essential  parts  of  all 
knowledge,  Ideas  and  Facts,  and  thus  took  the  course 
which  the  most  enlightened  philosophy  would  have  sug- 
gested. He  did  not  urge  the  prosecution  of  experiment, 
to  the  comparative  neglect  of  the  existing  mathematical 
sciences  and  conceptions;  a  fault  which  there  is  some 
ground  for  ascribing  to  his  great  namesake  and  successor 
Francis  Bacon :  still  less  did  he  content  himself  with  a 
mere  protest  against  the  authority  of  the  schools,  and  a 
vague  demand  for  change,  which  was  almost  all  that  was 
done  by  those  who  put  themselves  forward  as  reformers 
in  the  intermediate  time.  Roger  Bacon  holds  his  way 
steadily  between  the  two  poles  of  human  knowledge; 
which,  as  we  have  seen,  it  is  far  from  easy  to  do.  "  There 
are  two  modes  of  knowing,"  says  he*;  "  by  argument,  and 
by  experiment.  Argument  concludes  a  question ;  but  it 
does  not  make  us  feel  certain,  or  acquiesce  iii  the  con- 
templation of  truth,  except  the  truth  be  also  found  to  be 
so  by  experience."  It  is  not  easy  to  express  more  deci- 
dedly the  clearly  seen  union  of  exact  conceptions  with 
certain  facts,  which,  as  we  have  explained,  constitutes 
real  knowledge. 

*  Op.  Maj„  p.  445,  sec  also  p.  448.  "  Scientiae  aliae  sciunt  sua 
principia  invenire  per  experimenta,  sed  conclusiones  per  argamenta  facta 
ex  piincipiis  inventis.  Si  vero  debeant  habere  experientiam  conclu- 
sionum  suarum  particiilarem  et  completani,  tunc  oportet  quod  haboant 
per  adjutorium  istius  scientiae  nobilis,  (experimentalis.)'' 
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One  large  division  of  the  Opus  Mofus,  iB  ^*OMihe 
Usefulness  of  Mathematics/'  which  is  shown  by  a  oopioos 
enumeration  of  existing  branches  of  knowledge,  ais  Ckro^ 
nology,  Geography,  the  Calendar,  and  (in  a  separate  Part) 
Optics,  There  is  a  chapter  *  "  in  which  it  is  proved  by 
reason,  that  all  science  requires  mathematics."  And  the 
arguments  which  are  used  to  establish  this  doctrine,  show 
a  most  just  appreciation  of  tlie  office  of  mathematics  in 
science.  They  are  such  as  follows : — ^That  other  sciences 
use  examples  taken  from  mathematics  as  the  most 
evident: — That  mathematical  knowledge  is,  as  it  were^ 
inuate  in  us,  on  which  point  he  refers  to  the  well  knovni 
dialogue  of  Plato,  as  quoted  by  Cicero : — ^That  this  science, 
being  the  easiest,  offers  the  best  introduction  to  the  more 
difficult : — ^That  in  mathematics,  things  as  known  to  us  are 
identical  with  things  as  known  to  nature :— That  we  can 
here  entirely  avoid  doubt  and  error,  and  obtain  certainty 
and  truth : — ^That  mathematics  is  prior  to  other  sciences 
in  nature,  because  it  takes  cognizance  of  quantity,  which 
is  apprehended  by  intuition,  {intuitu  inteUedus.)  "More- 
over," he  adds,f  "  there  have  been  found  famous  men,  as 
Robert,  bishop  of  Lincoln,  and  Brother  Adam  Marshmau, 
(de  Marisco)  and  many  others,  who  by  the  power  of  ma- 
thematics have  been  able  to  explain  the  causes  of  things; 
as  may  be  seen  in  the  writings  of  these  men,  for  instance, 
concerning  the  Rainbow  and  Comets,  and  the  generation 
of  heat,  and  climates,  and  the  celestial  bodies." 

But  undoubtedly  the  most  remarkable  portion  of  the 
Opus  Majus  is  the  Sixth  and  last  Part,  which  is  entitled 
"  De  Scientia  exj)erimentali."  It  is  indeed  an  extraordi- 
nary circumstance  to  find  a  writer  of  the  thirteenth  cen- 
tury, not  only  recognizing  exjieriment  as  one  source  of 
knowledge,  but  urging  its  claims  as  far  more  important 
than  men  had  yet  been  aware,  exemplifying  its  value  by 

*  Of.  Mnj.^  p.  GO.  t  Ih.,  p.  64. 
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strikiii<y  and  just  examples,  and  speaking  of  its  authority 
with  a  dignity  of  diction  which  sounds  like  a  foremurniur 
of  the  Baconian  sentences  uttered  nearly  four  hundred 
years  later.  Yet  this  is  the  character  of  what  we  here 
find*.  *'  Experimental  science,  the  sole  mistress  of  specu- 
latiTe  sciences,  has  three  great  Prerogatives  among  other 
parts  of  knowledge :  First  she  tests  by  experiment  the 
noblest  conclusions  of  all  other  sciences  :  Next  she  dis- 
covers respecting  the  notions  which  other  sciences  deal 
with,  magnificent  truths  to  which  these  sciences  of  them- 
selves can  by  no  means  attain  :  her  Third  dignity  is,  that 
she  by  her  own  power  and  without  respect  of  other 
sciences,  investigates  the  secrets  of  nature." 

The  examples  which  Bacon  gives  of  these  "Prerogatives" 
are  very  curious,  exhibiting,  among  some  error  and  credu- 
lity, sound  and  clear  views.  His  leading  example  of  the  First 
Prerogative,  is  the  Rainbow,  of  which  the  cause,  as  given  by 
Aristotle,  is  tested  by  reference  to  experiment  with  a  skill 
which  is,  even  to  us  now,  truly  admirable.  The  examples  of 
the  Second  Prerogative  are  three : — -jirsU  the  art  of  making 
an  artificial  sphere  which  shall  move  with  the  heavens  by 
natural  influences,  which  Bacon  trusts  may  be  done, 
though  astronomy  herself  cannot  do  it — "  et  tunc,'*  he 
says,  "  thesaurum  unius  regis  valeret  hoc  instrumentum  ;** 
— secondly,  the  art  of  prolonging  life,  which  experiment 
may  teach,  though  medicine  has  no  means  of  securing  it 
except  by  regimen  f; — thirdly y  the  art  of  making  gold  finer 


»    C( 


Yeritatis  niagnificas  in  terminis  aliaruni  scicntiarum  in  quas  per 
Dullam  viam  possunt  illaB  scientia,  hsec  sola  scientiaruin  domina  specu- 
lativarum,  potest  dare."    Op,  Maj,^  p.  465. 

f  One  of  the  ingredients  of  a  preparation  here  mentioned,  is  the 
flesh  of  a  dragon,  which,  it  appears,  is  used  as  food  by  the  Ethiopians. 
The  mode  of  preparing  this  food  cannot  fail  to  ainuse  the  reader. 
"  Where  there  are  good  flying  dragons,  by  the  art  which  they  possess, 
they  draw  them  ont  of  their  dens,  and  have  bridles  and  saddles  in 
readiness,  and  they  ride  upon  them,  and  make  thera  ))ound  about  in 
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than  fine  gold,  which  goes  beyond  the  power  of  alchemy. 
The  Third  Prerogatiye  of  experimental  science,  arts  inde- 
pendent of  the  receiyed  sciences,  is  exemplified  in  many 
curious  examples,  many  of  them  whimsical  traditionSi 
Thus  it  is  said  that  the  character  of  a  people  may  be 
altered  by  altering  the  air^.  Alexander,  it  seems,  applied 
to  Aristotle  to  know  whether  he  should  exterminate 
certain  nations  which  he  had  discovered,  as  being  ine- 
claimably  barbarous ;  to  which  the  philosopher  replied, 
**  If  you  can  alter  their  air,  permit  them  to  live,  if  not, 
put  them  to  death."  In  this  part,  we  find  the  suggesticm 
that  the  fire-works  made  by  children,  of  saltpetre^  might 
lead  to  the  invention  of  a  formidable  militaiy  weapon* 

It  could  not  be  expected  that  Roger  Bacon,  at  a  time 
when  experimental  science  hardly  existed,  could  give  any 
precepts  for  the  discovery  of  truth  by  experiment,  But 
nothing  can  be  a  better  example  of  the  method  of  such 
investigation,  than  his  inquiry  concerning  the  cause  of  the 
Rainbow.  Neither  Aristotle,  nor  Avicenna,  nor  Seneca, 
he  says,  have  given  us  any  clear  knowledge  of  this  matter, 
but  experimental  science  can  do  so.  Let  the  experimenter 
(experimentator)  consider  the  cases  in  which  he  finds  the 
same  colours,  as  the  hexagonal  crystals  from  Ireland  and 
India ;  by  looking  into  these  he  will  see  colours  like  these 
of  the  rainbow.  Many  think  that  this  arises  from  some 
special  virtue  of  these  stones  and  their  hexagonal  figure ; 
let  therefore  the  experimenter  go  on,  and  he  will  find  the 
same  in  other  transparent  stones,  in  dark  ones  as  well  as 
in  light  coloured.  He  will  find  the  same  effect  also  in 
other  forms  than  the  hexagon,  if  they  be  furrowed  in  the 
surface,  as  the  Irish  crystals  are.     Let  him  consider  too, 

the  air  in  a  violent  manner,  that  the  hardness  and  toughness  of  the 
flesh  may  be  reduced,  as  boars  are  hunted  and  hulls  are  baited  befoiB 
they  are  killed  for  eating."     Op,  Maj,y  p.  470. 
*  lb.,  p.  473. 
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that  he  sees  the  same  colours  in  the  drops  which  are 
dashed  from  oars  in  the  sunshine ; — and  in  the  spray  thrown 
by  a  mill  wheel ; — and  in  the  dew  drops  which  lie  on  the 
grass  in  a  meadow  on  a  summer  morning ; — and  if  a  man 
takes  water  in  his  mouth  and  projects  it  on  one  side  into 
a  sunbeam ;— and  if  in  an  oil  lamp  hanging  in  the  air,  the 
rays  fall  in  certain  positions  upon  the  surface  of  the  oil ; 
— and  in  many  other  ways,  are  colours  produced.  We 
have  here  a  collection  of  instances,  which  are  almost  all 
examples  of  the  same  kind  as  the  phenomenon  under 
consideration ;  and  by  the  help  of  a  principle  collected 
by  induction  from  these  facts,  the  colours  of  the  rainbow 
were  afterwards  really  explained. 

With  regard  to  the  form  and  other  circumstances  of 
the  bow  he  is  still  more  precise.  He  bids  us  measure  the 
height  of  the  bow  and  of  the  sun,  to  show  that  the  centre 
of  the  bow  is  exactly  opposite  to  the  sun.  He  explains 
the  circular  form  of  the  bow, — ^its  being  independent  of 
the  form  of  the  cloud,  its  moying  when  we  move,  its  flying 
when  we  follow, — ^by  its  consisting  of  the  reflections  from 
a  vast  number  of  minute  drops.  He  does  not,  indeed, 
trace  the  course  of  the  rays  through  the  drop,  or  account 
for  the  precise  magnitude  which  the  bow  assumes ;  but 
he  approaches  to  the  verge  of  this  part  of  the  explanation ; 
and  must  be  considered  as  having  given  a  most  happy 
example  of  experimental  inquiry  into  nature,  at  a  time 
when  such  examples  were  exceedingly  scanty.  In  this 
respect,  he  was  more  fortunate  than  Francis  Bacon,  as  we 
shall  hereafter  see. 

We  know  but  little  of  the  biography  of  Roger  Bacon, 
but  we  have  every  reason  to  believe  that  his  influence 
upon  his  age  was  not  great.  He  was  suspected  of  magic, 
and  is  said  to  have  been  put  into  close  confinement  in 
consequence  of  this  charge.     In  his  work  he  speaks  of 
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Astrology,  as  a  science  well  worth  cultivating.     "  But," 
says  he,  "  Theologians  and  Deeretists,  not  being  learned 
in  such  matters,  and  seeing  that  evil  as  well  as  good  may 
be  done,  neglect  and  abhor  such  things,  and  reckon  them 
among  Magic  Arts."     We  have  already  seen,  that  at  the 
very  time  when  Bacon  was  thus  raising  his  voice  against 
the  habit  of  blindly  following  authority,  and  seeking  for 
all  science  in  Aristotle,  Thomas  Aquinas  was  employed 
in  fashionino:  Aristotle's  tenets  into  that  fixed  form  in 
which  they  became  the  great  impediment  to  the  progress 
of  knowledge.      It  would  seem,  indeed,  that  something 
of  a  struggle   between  the  progressive  and  statiouaiy 
powers  of  the  human  mind  was  going  on  at  this  time. 
Bacon  himself  says*,    "Never  was  there  so  great   an 
appearance  of  wisdom,  nor  so  much  exercise  of  study  in 
so  many  Faculties,  in  so  many  regions,  as  for  this  last 
forty  years.     Doctors  are  dispersed  everywhere,  in  every 
castle,  in  every  burgh,  and  especially  by  the  students  of 
two  Orders,  (he  means  the  Franciscans  and  Dominicans, 
who  were  almost  the  only  religious  orders  that   distin- 
guished themselves  by  an  application  to  studyf,)  which 
has  not  happened  except  for  about  forty  years.     And  yet 
there  was  never  so  much  ignorance,  so  much  error."    And 
in  the  part  of  his  work  which  refers  to  Mathematics,  he 
says  of  that  study  t,  that  it  is  the  door  and  the  key  of 
the   sciences ;    and  that  the  neglect  of  it  for  thirty  or 
forty  years  has  entirely  ruined  the  studies  of  the  Latins. 
According  to  these  statements,  some  change,  disastrous 
to  the  fortunes  of  science,  must  have  taken  place  about 
1230,  soon  after  the  foundation  of  the  Dominican  and 
Franciscan  Orders  J.    Nor  can  we  doubt  that  the  adoption 

*  Quoted  by  Jebb,  Pref,  to  Op,  Maj. 
t  MosnEiM,  Hist,  iii.  )61.  J  Op.  Maj.,  p.  57. 

§  MosHBiM,  iii.  161. 
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of  the  Aristotelian  philosophy  by  these  two  Orders,  in 
the  form  in  which  the  Angelical  Doctor  had  systematized 
it,  was  one  of  the  events  which  most  tended  to  defer,  for 
three  centuries,  the  reform  which  Roger  Bacon  urged  as 
a  matter  of  crying  necessity  in  his  own  time. 


Chaptee  VIII. 

THE  REVIVAL  OF  PLATONISM. 

Causes  of  Delay  in  the  Advance  of  Knowledge. — In 
the  insight  possessed  by  learned  men  into  the  method 
by  which  truth  was  to  be  discovered,  the  fourteenth 
and  fifteenth  centuries  went  backwards,  rather  than 
forwards,  from  the  point  which  had  been  reached  in 
the  thirteenth.  Roger  Bacon  had  urged  them  to  have 
recourse  to  experiment;  but  they  returned  with  addi- 
tional and  exclusive  zeal  to  the  more  favourite  employ- 
ment of  reasoning  upon  their  own  conceptions.  He  had 
called  upon  them  to  look  at  the  world  without ;  but  their 
eyes  forthwith  turned  back  upon  the  world  within.  In 
the  constant  oscillation  of  the  human  mind  between  Ideas 
and  Facts,  after  having  for  a  moment  touched  the  latter, 
it  seemed  to  swing  back  more  impetuously  to  the  former. 
Not  only  was  the  philosophy  of  Aristotle  firmly  established 
for  a  considerable  period,  but  when  men  began  to  ques- 
tion its  authority,  they  attempted  to  set  up  in  its  place  a 
philosophy  still  more  purely  ideal,  that  of  Plato.  It  was 
not  till  the  actual  progress  of  experimental  knowledge  for 
some  centuries  had  given  it  a  vast  accumulation  of  force, 
that  it  was  able  to  break  its  way  fully  into  the  circle 
of  speculative  science.  The  new  Platonist  schoolmen 
had  to  run  their  course,  the  practical  discoverers  had  to 
prove  their  merit  by  their  works,  the  Italian  innovators 

VOL.  II.  z 
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had  to  utter  their  aspirations  for  a  change,  before  the 
second  Bacon  could  truly  declare  that  the  time  for  a  fun* 
damental  reform  was  at  length  arrived. 

It  cannot  but  seem  strange,  to  any  one  who  attempts 
to  trace  the  general  outline  of  the  intellectual  progress 
of  man,  and  who  considers  him  as  under  the  guidance  of 
a  Providential  sway,  that  he  should  thus  be  permitted  to 
wander  so  long  in  a  wilderness  of  intellectual  darkness ; 
and  even  to  turn  back,  by  a  perverse  caprice  as  it  might 
seem,  when  on  the  very  border  of  the  brighter  and  better 
land  which  was  his  destined  inheritance.  We  do  not 
attempt  to  solve  this  difficulty:  but  such  a  course  of 
things  naturally  suggests  the  thought,  that  a  progress  in 
physical  science  is  not  the  main  object  of  man's  career,  in 
the  eyes  of  the  Power  who  directs  the  fortunes  of  our 
race.  We  can  easily  conceive  that  it  may  have  been 
necessary  to  man's  general  welfare  that  he  should  con- 
tinue to  turn  his  eyes  inwards  upon  his  own  heart  and 
faculties,  till  Law  and  Duty,  Religion  and  Government, 
Faith  and  Hope,  had  been  fully  incorporated  with  all  the 
past  acquisitions  of  human  intellect ;  rather  than  that  he 
should  have  rushed  on  into  a  train  of  discoveries  tending 
to' chain  him  to  the  objects  and  operations  of  the  material 
world.  The  systematic  Law  *  and  philosophical  Theology 
which  acquired  their  ascendancy  in  men's  minds  at  the 
time  of  which  we  speak,  kept  them  engaged  in  a  region  of 
speculations  which  perhaps  prepared  the  way  for  a  pro- 
founder  and  wider  civilization,  for  a  more  elevated  and 
spiritual  character,  than  might  have  been  possible  without 
such  a  preparation.  The  great  Italian  poet  of  the  four- 
teenth century  speaks  with  strong  admiration  of  the 
founders   of  the  system   which   prevailed  in  his  time. 

*  Gratian  published  the  Decretals  in  the  twelfth  century ;  and  the 
Canon  and  Ciril  Law  became  a  regular  study  in  the  universities  soon 
afterwards. 
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Thomas,  Albert,  Gratian,  Peter  Lombard,  occupy  distin- 
guished places  in  the  Paradise.  The  first,  who  is  the 
poet's  instructor,  says,— 

To  M  degli  agni  della  santa  greggift 
Che  Domenioo  mena  per  oammmo 
XJ'  ben  s'impingua  se  non  si  vaneggia. 

Questo  che  m*e  a  destra  piu  yiciuo 
Frate  e  maestro  fummi ;  ed  esso  Alberto 
E  di  Cologna,  ed  io  Tomaa  d'Aquino,     .     •     .     • 

Quell'  altro  fiammecfgiar  esce  del  riso 
De  Grazian,  che  I'uno  et  Taltro  foro 
Ajutb  si  che  piace  in  Paradiso. 

I,  then,  was  of  the  lambs  that  Dominic 
Leads,  for  his  saintly  flock,  along  the  way 
Where  well  they  thrive  not  swoln  with  vanity. 
He  nearest  on  my  right  hand  brother  was 
And  master  to  me ;  Albert  of  Cologne 

Is  this ;  and  of  Aquinum  Thomas,  I 

That  next  resplendence  issues  from  the  smile 
Of  Gratian  who  to  either  forum  lent 
Such  help  as  &your  wins  in  Paradise. 

It  appears  probable  that  neither  poetry,  nor  painting, 
nor  the  other  arts  which  require  for  their  perfection  a 
lofty  and  spiritualized  imagination,  would  hare  appeared 
in  the  noble  and  beautiful  forms  which  they  assumed  in 
the  fourteenth  and  fifteenth  century,  if  men  of  genius 
had,  at  the  beginning  of  that  period,  made  it  their  main 
business  to  discover  the  laws  of  nature,  and  to  reduce 
them  to  a  rigorous  scientific  form.  Yet  who  can  doubt 
that  the  absence  of  these  touching  and  impressive  works 
would  have  left  one  of  the  best  and  purest  parts  of  man'ei 
nature  without  its  due  nutriment  and  development? 
It  may  perhaps  be  a  necessary  condition  in  the  progress^ 
of  man,  that  the  Arts  which  aim  at  beauty  reach  their 
excellence  before  the  Sciences  which  seek  speculative 
truth ;  and  if  this  be  so,  we  inherit,  from  the  middle 
ages,  treasures  which  may  well  reconcile  us  to  the  delay 
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which  took  place  in  their  cultivation  of  experimental 
science. 

However  this  may  be,  it  is  our  business  at  present 
to  trace  the  circumstances  of  this  very  lingering  advance. 
We  have  already  noticed  the  contest  of  the  Nominalists 
and  Realists,  which  was  one  form,  though,  with  regard  to 
scientific  methods,  an  unprofitable  one,  of  the  antithesis 
of  Ideas  and  Things.  Though,  therefore,  this  struggle 
continued,  we  need  not  dwell  upon  it.  The  Nominalists 
denied  the  real  existence  of  Ideas,  which  doctrine  was  to 
a  great  extent  implied  in  the  prevailing  systems ;  but  the 
controversy  in  which  they  thus  engaged,  did  not  lead 
them  to  seek  for  knowledge  in  a  new  field  and  by  new 
methods.  The  arguments  which  Occam  the  NominaUst 
opposes  to  those  of  Duns  Scotus  the  Realist,  are  marked 
with  the  stamp  of  the  same  system,  and  consist  only  in 
permutations  and  combinations  of  the  same  elementaiy 
conceptions.  It  was  not  till  the  impulse  of  external  cir- 
cumstances was  added  to  the  discontent,  which  the  more 
stirring  intellects  felt  towards  the  barren  dogmatism  of 
their  age,  that  the  activity  of  the  human  mind  was  again 
called  into  full  play,  and  a  new  career  of  progression 
entered  upon,  till  then  undreamt  of,  except  by  a  few 
prophetic  spirits. 

Causes  of  Progress. — ^These  circumstances  were  prin- 
cipally the  revival  of  Greek  and  Roman  literature,  the 
invention  of  printing,  the  Protestant  Reformation,  and  a 
great  number  of  curious  discoveries  and  inventions  in 
the  arts,  which  were  soon  succeeded  by  important  steps 
in  speculative  physical  science.  Connected  with  the  first 
of  these  events,  was  the  rise  of  a  party  of  learned  men 
who  expressed  their  dissatisfaction  with  the  Aristotelian 
philosophy,  as  it  was  then  taught,  and  manifested  a 
strong  preference  for  the  views  of  Plato.  It  is  by  no 
means  suitable  to  our  plan  to  give  a  detailed  account  of 
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this  new  Platonic  school ;  but  we  may  notice  a  few  of 
the  writers  who  belong  to  it,  so  far  at  least  as  to  indicate 
its  influence  upon  the  Methods  of  pursuing  science. 

In  the  fourteenth  century*,  the  frequent  intercourse 
of  the  most  cultivated  persons  of  the  Eastern  and  West- 
ern Empire,  the  increased  study  of  the  Greek  language 
in  Italy,  the  intellectual  activity  of  the  Italian  States,  the 
discovery  of  manuscripts  of  the  classical  authors,  were 
circumstances  which  excited  or  nourished  a  new  and 
zealous  study  of  the  works  of  Greek  and  Roman  genius. 
The  genuine  writings  of  the  ancients,  when  presented  in 
their  native  life  and  beauty,  instead  of  being  seen  only  in 
those  lifeless  fragments  and  dull  transformations  which 
the  scholastic  system  had  exhibited,  excited  an  intense 
enthusiasm.  Europe,  at  that  period,  might  be  repre- 
sented by  Plato's  beautiful  allegory,  of  a  man  who,  after 
being  long  kept  in  a  dark  cavern,  in  which  his  knowledge 
of  the  external  world  is  gathered  from  the  images  which 
stream  through  the  chinks  of  his  prison,  is  at  last  led 
forth  into  the  full  blaze  of  day.  It  was  inevitable  that 
such  a  change  should  animate  men's  efforts  and  enlarge 
their  faculties.  Greek  literature  became  more  and  more 
known,  especially  by  the  influence  of  learned  men  who 
came  from  Constantinople  into  Italy:  these  teachers, 
though  they  honoured  Aristotle,  reverenced  Plato  no 
less,  and  had  never  been  accustomed  to  follow  witli 
servile  submission  of  thought  either  these  or  any  other 
leaders.  The  effect  of  such  influences  soon  reveals  itself 
in  the  works  of  that  period.  Dante  has  woven  into  his 
Divina  Comedia  some  of  the  ideas  of  Platonism.  Petrarclb 
who  had  formed  his  mind  by  the  study  of  Cicero,  and 
had  thus  been  inspired  with  a  profound  admiration  for 
the  literature  of  Greece,  learnt  Greek  from  Barlaam,  a 
monk  who  came  as  ambassador  from  the  Emperor  of  the 

*  TsNIfBMAlf,  iz.  14. 
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East  to  the  Pope,  in  1339.  With  this  instructor,  the 
poet  read  the  works  of  Plato;  struck  by  their  beaotj, 
he  contributed,  by  his  writings  and  his  conversation,  to 
awake  in  others  an  admiration  and  love  for  that  philoso- 
pher, which  soon  became  strongly  and  extensively  pre- 
valent among  the  learned  in  Italy. 

Hermolaiis  Barbaras^  8fc. — ^Along  with  this  feeling 
there  prevailed  also,  among  those  who  had  learnt  to  relish 
the  genuine  beauties  of  the  Greek  and  Latin  writers,  a 
strong  disgust  for  the  barbarisms  in  which  the  scholastic 
philosophy  was   clothed.      Hermolaus   Barbaras*,   who 
was  bom  in  1454,  at  Venice,  and  had  formed  his  taste 
by  the  study  of  classical  literature,  translated,  among 
other  learned  works,  Themistius's  paraphrastic  exposition 
of  the  Physics  of  Aristotle;    with  the  view  of  trying 
whether  the  Aristotelian  Natural  Philosophy  could  not 
be  presented  in  good  Latin,  which  the  scholastic  teachers 
denied.     In  his  Preface  he  expresses  great  indignation 
against  those  philosophers  who  have  written  and  disputed 
on   philosophical   subjects   in  barbarous   Latin,   and   in 
an   uncultured    style,    so  'that    all    refined   minds    are 
repelled  from  these   studies   by  weariness  and  disgust. 
They  have,  he  says,  by  this  barbarism,  endeavoured  to 
secure  to  themselves,  in  their  own  province,  a  supremacy 
without  rivals  or  opponents.     Hence  they  maintain  that 
mathematics,  philosophy,  jurisprudence,  cannot   be  ex- 
pounded in  correct  Latin ; — ^that  between  these  sciences 
and  the  genuine  Latin  language  there  is  a  great  gulf,  as 
between  things  that  cannot  be  brought  together:    and 
on  this  ground  they  blame  those  who  combine  the  study 
of  philology  and  eloquence  with  that  of  science.     This 
opinion,  adds  Hermolaus,  perverts  and  ruins  our  studies; 
and  is  highly  prejudicial   and   unworthy  in   respect  to 
the  state.    Hermolaus  awoke  in  others,  as  for  instance 

*  TsZiKEHAN,  iz.  25. 
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in  John  Picus  of  Mirandula,  the  same  dislike  to  the 
reigning  school  philosophy.  As  an  opponent  of  the 
same  kind,  we  may  add  Marius  Nizolius  of  Bersallo,  a 
(Scholar  who  carried  his  admiration  of  Cicero  to  an  exag- 
gerated extent,  and  who  was  led,  by  a  controversy  with 
the  defenders  of  the  scholastic  philosophy,  to  publish 
(1553)  a  work  On  the  True  Principles  and  True  Method 
of  Philosophizing.  In  the  title  of  this  work,  he  professes 
to  give  **  the  true  principles  of  almost  all  arts  and  sciences, 
refuting  and  rejecting  almost  all  the  false  principles  of 
the  Logicians  and  Metaphysicians."  But  although,  in  the 
work,  he  attacks  the  scholastic  philosophy,  he  does  little 
or  nothing  to  justify  the  large  pretensions  of  his  title ; 
and  he  excited,  it  is  said,  little  notice.  It  is  therefore 
curious  that  Leibnitz  should  have  thought  it  worth  his 
while  to  re-edit  this  work,  which  he  did  in  1670,  adding 
remarks  of  his  own. 

Nicolaus  Cusanus. — Without  dwelling  upon  this  oppo- 
sition to  the  scholastic  sjrstem  on  the  ground  of  taste, 
I  shall  notice  somewhat  further  those  writers  who  put 
forwards  Platonic  views,  as  fitted  to  complete  or  to 
replace  the  doctrines  of  Aristotle.  Among  these,  I  may 
place  Nicolaus  Cusanus,  so  called  from  Cus,  a  village 
on  the  Moselle,  where  he  was  bom  in  1401 ;  who  was 
afterwards  raised  to  the  dignity  of  cardinal.  We  might, 
indeed,  at  first  be  tempted  to  include  Cusanus  among 
those  persons  who  were  led  to  reject  the  old  philosophy 
by  being  themselves  agents  in  the  progressive  movement 
of  physical  science.  For  he  published,  before  Copernicus, 
and  independently  of  him,  the  doctrine  that  the  earth  is 
in  motion*.  But  it  should  be  recollected  that  in  order 
to  see  the  possibility  of  this  doctrine,  and  its  claims  to 
acceptance,  no  new  reference  to  observation  was  requisite. 

*  ''  Jam  nobis  manifestum  eet  terrain  istam  in  veritate  moveri,"  &c. 
— Z)0  Doctd  fynarantidy  lib.  ii*  cap.  12. 
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The  Heliocentric  System  was  merely  a  new  mode  of 
representing  to  the  mind  facts  with  which  all  astronomers 
had  long  been  familiar.  The  system  might  very  easQy 
have  been  embraced  and  inculcated  by  Plato  himself;  as 
indeed  it  is  said  to  have  been  actually  tanght  by  Pytha- 
goras. The  mere  adoption  of  the  Heliocentric  view, 
therefore,  without  attempting  to  realize  the  system  in 
detail,  as  Copernicus  did,  cannot  entitle  a  writer  of  the 
fifteenth  century  to  be  looked  upon  as  one  of  the  authors 
of  the  discoveries  of  that  period ;  and  we  must  consider 
Cusanus  as  a  speculative  anti-Aristotelian,  rather  than  as 
a  practical  reformer. 

The  title  of  Cusanus's  book,  De  Doctd  Ignorantidy 
shows  how  far  he  was  from  agreeing  with  those  who  con- 
ceived that,  in  the  works  of  Aristotle,  they  had  a  full  and 
complete  system  of  all  human  knowledge.  At^  the  out- 
set of  this  book*,  he  says,  after  pointing  out  some  diflB- 
culties  in  the  received  philosophy,  "  If,  therefore,  the  case 
be  so,  (as  even  the  most  profound  Aristotle,  in  his  First 
Philosophy^  affirms,)  that  in  things  most  manifest  by 
nature,  there  is  a  difficulty,  no  less  than  for  an  owl  to 
look  at  the  sim ;  since  the  appetite  of  knowledge  is  not 
implanted  in  us  in  vain,  we  ought  to  desire  to  know  that 
we  are  ignorant.  If  we  can  fully  attain  to  this,  we  shall 
arrive  at  Listrticted Ignorance''  IJow  far  he  was  from 
placing  the  source  of  knowledge  in  experience,  as  opposed 
to  ideas,  we  may  see  in  the  following  passage  f  from 
another  work  of  his,  Chi  Conjectures.  "  Conjectures  must 
proceed  from  our  mind,  as  the  real  world  proceeds  from 
the  infinite  Divine  Reason.  For  since  the  human  mind, 
the  lofty  likeness  of  God,  participates,  as  it  may,  in  the 
fruitfulness  of  the  creative  nature,  it  doth  from  itself,  as 
the  image  of  the  Omnipotent  Form,  bring  forth  reason- 
able thoughts  which  have  a  similitude  to  real  existences. 

♦  De  Doct.  Ignor.^  lib.  i.  c.  1.  t  De  Conjecturuy  1.  i.  o.  3,  4. 
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Thus  the  Human  Mind  exists  as  a  conjectural  form  of 
the  world,  as  the  Divine  Mind  is  its  real  form."  We 
have  here  the  Platonic  or  ideal  side  of  knowledge  put 
prominently  and  exclusively  forwards. 

Marsilius  FicinicSy   Sfc. — A   person   who   had  much 
more  influence  on  the  diffusion  of  Platonism  was  Marsi- 
lius Ficinus,  a  physician  of  Florence.     In  that  city  there 
prevailed,  at  the  time  of  which  we  speak,  the  greatest 
enthusiasm  for  Plato.  ^  George  Gemistius  Pletho,  when 
in  attendance  upon  the  Council  of  Florence,  had  imparted 
to  many  persons  the  doctrines  of  the  Greek  philosopher ; 
and,  among  others,  had  infused  a  lively  interest  on  this 
subject  into  the  elder  Cosmo,  the  head  of  the  family  of 
the   Medici.      Cosmo   formed   the   plan  of  founding  a 
Platonic   academy.      Ficinus*,    well    instructed   in  the 
works  of  Plato,  Plotinus,  Proclus,  and  other  PlatonistSi 
was  selected  to  further  this  object,  and  was  employed  in 
translating  the  works  of  these  authors  into  Latin.     It  is 
not  to  our  present  purpose  to  consider  the  doctrines  of 
this  school,  except  so  far  as  they  bear  upon  the  nature 
and  methods  of  knowledge;  and  therefore  I  must  pass 
by,  as  I  have  in  other  instances  done,  the  greater  part  of 
their  speculations,  which  related  to  the  nature  of  God, 
the  immortality  of  the  soul,  the  principles  of  Goodness 
and  Beauty,  and  other  points  of  the  same  order.     The 
object  of  these  and  other  Platonists  of  this  school,  how- 
ever, was  not  to  expel  the  authority  of  Aristotle  by  that 
of  Plato.     Many  of  them  had  come  to  the  conviction 
that  the  highest  ends  of  philosophy  were  to  be  reached 
only  by  bringing  into  accordance  the  doctrines  of  Plato 
and  of  Aristotle.    Of  this  opinion  was  John  Picus,  Count 
of  Mirandula  and  Concordia ;  and  under  this  persuasion 
he  employed  the  whole  of  his  life  in  labouring  upon  a 
work,  De  Concordid  Platonis  et  Aristotelis^  which  was  not 

f  Bora  in  1433. 
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completed  at  the  time  of  his  death,  in  1494 ;  and  has 
never  been  published.  But  about  a  century  later, 
another  writer  of  the  same  school,  Francis  Patricias*, 
pointing  out  the  discrepancies  between  the  two  Greek 
teachers,  urged  the  propriety  of  deposing  Aristotle  from 
the  supremacy  he  had  so  long  enjoyed.  "  Now  all  theite 
doctrines,  and  others  not  a  few,"  he  sajns  f ,  **  since  they 
are  Platonic  doctrines,  philosophically  most*  true,  and 
consonant  with  the  Catholic  faith,  whilst  the  Aristotelian 
tenets  are  contrary  to  the  faith,  and  philosophically  false, 
who  will  not^  both  as  a  Christian  and  a  philosopher, 
prefer  Plato  to  Aristotle?  And  why  should  not  here- 
after, in  all  the  colleges  and  monasteries  of  Europe,  the 
reading  and  study  of  Plato  be  introduced  ?  Why  should 
not  the  philosophy  of  Aristotle  be  forthwith  exiled  from 
such  places?  Why  must  men  continue  to  drink  the 
mortal  poison  of  impiety  from  that  source  ?**  with  much 
more  in  the  same  strain. 

The  Platonic  school,  of  which  we  have  spoken,  had, 
however,  reached  its  highest  point  of  prosperity  before 
this  time,  and  was  already  declining.  About  1500,  the 
Platonists  appeared  to  triumph  over  the  Peripatetics  J; 
but  the  death  of  their  great  patron,  Cardinal  Bessarion, 
about  this  time,  and  we  may  add,  the  hollowness  of  their 
system  in  many  points,  and  its  want  of  fitness  for  the 
wants  and  expectations  of  the  age,  turned  men's  thoughts 
partly  back  to  the  established  Aristotelian  doctrines,  and 
partly  forwards  to  schemes  of  bolder  and  fresher  promise. 

Francis  Patricitis. — Patricius,  of  whom  we  have  just 
spoken,  was  one  of  those  who  had  arrived  at  the  convic- 
tion that  the  formation  of  a  new  philosophy,  and  not 
merely  the  restoration  of  an  old  one,  was  needed.  In 
1593,  appeared  his  Nova  de  Univei^sis  PhUosophia ;  and 

*  Bom  1529,  died  1597-  t  Aristoteles  Exotericiis^  p.  50. 

X  T1RABO8CHI,  t.  vii.  part  ii.  p.  411. 
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the  mode  in  which  it  begins*  can  hardly  fail  to  remind 
us  of  the  expressions  which  Francis  Bacon  soon  after- 
wards used  in  the  opening  of  a  work  of  the  same  nature. 
*'  Francis  Patricius,  being  about  to  found  anew  the  true 
philosophy  of  the  universe,  dared  to  begin  by  announcing 
the  following  indisputable  principles.'*  Here,  however, 
the  resemblance  between  Patricius  and  true  inductive 
philosophers  ends.  His  principles  are  barren  a  pinoH 
axioms;  and  his  system  has  one  main  element,  Lightj 
{LiiSy  or  Lumetiy)  to  which  all  operations  of  nature  are 
referred.  In  general  cultivation,  and  practical  knowledge 
of  nature,  he  was  distinguished  among  his  contemporaries. 
In  various  passages  of  his  works  he  relates  f  observations 
which  he  had  made  in  the  course  of  his  travels,  in  Cyprus, 
Corfu,  Spain,  the  mountains  of  the  Modenese,  and  Dal- 
matia,  which  was  his  own  country ;  his  observations  relate 
to  light,  the  saltness  of  the  sea,  its  flux  and  reflux,  and 
other  points  of  astronomy,  meteorology,  and  natural  his- 
tory. He  speaks  of  the  sex  of  plants t;  rejects  judicial 
astrology;  and  notices  the  astronomical  systems  of  Co- 
pernicus, Tycho,  Fracastoro,  and  Torre.  But  the  mode  in 
which  he  speaks  of  experiments  proves,  what  indeed  is 
evident  from  the  general  scheme  of  his  system,  that  he 
had  no  due  appreciation  of  the  place  which  observation 
must  hold  in  real  natural  philosophy. 

PiciiSy  Agrippa^  8fc. — It  had  been  seen  in  the  later 

*  "  Franciscus  Patricius,  novam  veram  integram  de  universis  condi- 
turus  philosophiam,  sequentia  uti  verissiina  prsenuntiare  est  ausus. 
Praenunciata  ordine  persecutus,  divinis  oraculis,  geometricis  rationibus, 
clarissimisque  experimentis  comprobavit. 

Ante  primum  nihil, 

Post  primum  omnia, 

A  principio  omnia,"  &c. 
His  other  works  are  Panau^ia,  Pancosmia^  DUsertationes  Peripatettca?, 

t  TiRABosCHi,  t.  vii.  part  ii.  p.  411. 

X  DuhH.  Peripatet.f  t.  ii.  lib.  T.  sub  fin. 
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philosophical  history  of  Greece,  Low  readily  the  ideas  of 
the  Platonic  school  lead  on  to  a  system  of  unfathpmaUe 
and  unbounded  mysticism.  John  Picas,  of  Mirandula^ 
added  to  the  study  of  Plato  and  the  Neoplatonists,  a  maa 
of  allegorical  interpretations  of  the  Scriptures,  and  the 
dreams  of  the  Cabbala,  a  Jewish  system f,  which  pretends 
to  explain  how  all  things  are  an  emanation  of  the  Deitj. 
To  this  his  nephew,  Francis  Picus,  added  a  reference  to 
inward  illumination  t>  by  which  knowledge  is  obtained, 
independently  of  the  progress  of  reasoning.  John 
Reuchlin,  or  Capnio,  born  1455 ;  John  Baptist  HelmoDt, 
born  1677;  Francis  Mercurius  Helmont,  bom  1618, 
and  others,  succeeded  John  Picus  in  his  admiration  of  the 
Cabbala:  while  others,  as  Jacob  Boehmen,  rested  upon 
internal  revelations  like  Francis  Picus.  And  thus  we 
have  a  series  of  mystical  writers,  continued  into  modern 
times,  who  may  be  considered  as  the  successors  of  the 
Platonic  school;  and  who  all  exhibit  views  altogether 
erroneous  with  regard  to  the  nature  and  origin  of  know- 
ledge. Among  the  various  dreams  of  this  school  are  certain 
wide  and  loose  analogies  of  terrestrial  and  spiritual  things. 
Thus  in  the  writings  of  Cornelius  Agrippa  (who  was  bom 
1487,  at  Cologne)  we  have  such  systems  as  the  following  j: 
— "  Since  there  is  a  threefold  world,  elemental,  celestial, 
and  intellectual,  and  each  lower  one  is  governed  by  that 
above  it,  and  receives  the  influence  of  its  powers :  so  that 
the  very  Archetype  and  Supreme  Author  transfuses  the 
virtues  of  his  omnipotence  into  us  through  angels, 
heavens,  stars,  elements,  animals,  plants,  stones, — into 
us,  I  say,  for  whose  service  he  has  framed  and  created  all 
these  things ; — the  Magi  do  not  think  it  irrational  that 
we  should  be  able  to  ascend  by  the  same  degrees,  the 
game  worlds,  to  this  Archetype  of  the  world,  the  Author 

♦  Tbnneman,  ix.  148.  t  Ib^  167.  J  7J.,  158. 

§  AORIPPA,  De  Occult,  Phil.,  lib.  i.  c.  1. 
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and  First  Cause  of  all,  of  whom  all  things  are,  and  from 
whom  they  proceed ;  and  should  not  only  avail  ourselves 
of  those  powers  which  exist  in  the  nobler  works  of  crea- 
tion, but  also  should  be  able  to  attract  other  powers,  and 
add  them  to  these." 

Agrippa's  work,  De  Vanitate  Scientiarum^  may  be  said 
rather  to  have  a  sceptical  and  cynical,  than  a  platonic, 
character.  It  is  a  declamation^,  in  a  melancholy  mood, 
against  the  condition  of  the  sciences  in  his  time.  His 
indignation  at  the  worldly  success  of  men  whom  he  con- 
sidered inferior  to  himself,  had,  he  says,  metamorphosed 
him  into  a  dog,  as  the  poets  relate  of  Hecuba  of  Troy, 
so  that  his  impulse  was  to  snarl  and  bark.  His  professed 
purpose,  however,  was  to  expose  the  dogmatism,  the 
servility,  the  self-conceit,  and.  the  neglect  of  religious 
truth  which  prevailed  in  the  reigning  Schools  of  philo- 
sophy. His  views  of  the  nature  of  science,  and  the 
modes  of  improving  its  cultivation,  are  too  imperfect  and 
vague  to  allow  us  to  rank  him  among  the  reformers  of 
science. 

Paracelsus^  Fludd^  Sfc. — ^The  celebrated  Paracelsus  f 
put  himself  forwards  as  a  reformer  in  philosophy,  and 
obtained  no  small  number  of  adherents.  He  was,  in 
most  respects,  a  shallow  and  impudent  pretender;  and 
had  small  knowledge  of  the  literature  or  science  of  his 
time :  but  by  the  tone  of  his  speaking  and  writing  he 
manifestly  belongs  to  the  mystical  school  of  which  we  are 
now  speaking.  Perhaps  by  the  boldness  with  which  he 
proposed  new  systems,  and  by  connecting  these  with  the 
practical  doctrines  of  medicine,  he  contributed  something 
to  the  introduction  of  a  new  philosophy.  We  have  seen 
in  the  History  of  Chemistry  that  he  was  the  author  of 

♦  Written  in  1526. 

t  Philip  Anrelius  Theophrastus  Bombastus  von  Hohcnheiin,  also 
called  Pairacelsus  Eremita,  bom  at  Einsiedlen  in  Switaeerland,  in  1493. 
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the  system  of  Three  Principles,  (salt,  sulphur,  and  mer- 
cury»)  which  replaced  the  ancient  dootrine  of  Four  Ele- 
ments, and  prepared  the  way  for  a  true  Bcience  of  che- 
mistry. But  the  salt,  sulphur,  and  mercury  of  Paraoelsas 
were  not,  he  tells  his  disciples,  the  visible  bodies  which 
we  call  by  those  names,  but  certain  invisiUe,  astral,  <ff 
sidereal  elements.  The  astral  salt  is  the  l^is  of  the 
solidity  and  incombustible  parts  in  bodies;  the  astni 
sulphur  is  the  source  of  combustion  and  vegetation ;  the 
astral  mercury  is  the  origin  of  fluidity  and  volatility.  And 
again,  these  three  elements  are  analogous  to  the  three 
elements  of  man, — ^Body,  Spirit^  and  Soul. 

A  writer  of  our  own  country,  belonging  to  this  mysti- 
cal school,  is  Robert  Fludd,  or  Do  Fluctibufi*  who  was 
bom  in  1571,  in  Kent,  and  after  pursuing  his  studies  at 
Oxford,  travelled  for  several  years.  Of  all  the  Theoso- 
phists  and  Mystics,  he  is  by  much  the  most  learned ;  and 
was  engaged  in  various  controversies  with  Mersenne, 
Gassendi,  Kepler,  and  others.  He  thus  brings  us  in 
contact  with  the  next  class  of  philosophers  whom  we  have 
to  consider,  the  practical  reformers  of  philosophy ; — those 
who  furthered  the  cause  of  science  by  making,  promul- 
gating or  defending  the  great  discoveries  which  now 
began  to  occupy  men.  He  adopted  the  principle,  which 
we  have  noticed  elsewhere*,  of  the  analogy  of  the  Macro- 
cosm and  Microcosm,  the  world  of  nature  and  the  world 
of  man.  His  system  contains  such  a  mixture  and  con- 
fusion of  physical  and  metaphysical  doctrines  as  might  be 
expected  from  his  ground  plan,  and  from  his  school. 
Indeed  his  object,  the  general  object  of  mystical  specula- 
tors, is  to  identify  physical  with  spiritual  truths.  Yet  the 
influence  of  the  practical  experimental  philosophy  which 
was  now  gaining  ground  in  the  world  may  be  traced  in 
him.    Thus  he  refers  to  experiments  on  distillation  to 

*  B.  ix.  c.  2.  8. 1.    The  Myotxcal  School  of  Biology, 
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prove  the  existence  and  relation  of  the  regions  of  water, 
air,  and  fire,  and  of  the  spirits  which  correspond  to  them ; 
and  is  conceived,  by  some  persons*,  to  have  anticipated 
Torricelli  in  the  invention  of  the  Barometer. 

We  need  no  further  follow  the  speculations  of  this 
school.  We  see  already  abundant  reason  why  the  reform 
of  the  methods  of  pursuing  science  could  not  proceed 
from  the  Platonists.  Instead  of  seeking  knowledge  by 
experiment,  they  immersed  themselves  deeper  than  even 
the  Aristotelians  had  done  in  traditionary  lore,  or  turned 
their  eyes  inwards  in  search  of  an  internal  illumination. 
Some  attempts  were  made  to  remedy  the  defects  of  phi- 
losophy by  a  recourae  to  the  doctrines  of  other  sects  of 
antiquity,  when  men  began  to  feel  more  distinctly  the 
need  of  a  more  connected  and  solid  knowledge  of  nature 
than  the  established  system  gave  them.  Among  these 
attempts  were  those  of  Berigardf,  Magemus,  and  espe- 
cially Gassendi,  to  bring  into  repute  the  philosophy  of 
the  Ionian  school,  of  Democritus  and  of  Epicurus.  But 
these  endeavours  were  posterior  in  time  to  the  new  im*- 
pulse  given  to  knowledge  by  Copernicus,  Kepler,  and 
Galileo,  and  were  influenced  by  views  arising  out  of  the 
success  of  these  discoveries,  and  they  must,  therefore,  be 
considered  hereafter.  In  the  mean  time,  some  inde- 
pendent efforts  (arising  from  speculative  rather  than 
practical  reformers)  were  made  to  cast  off  the  yoke  of  the 
Aristotelian  dogmatism,  and  to  apprehend  the  true  form 
of  that  new  philosophy  which  the  most  active  and  hope- 
ful minds  saw  to  be  needed;  and  we  must  give  some 
account  of  these  attempts,  before  we  can  commit  our- 
selves to  the  full  stream  of  progressive  philosophy. 

*  Tennbhak,  iz.  221.  t  Ib^  265. 
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Chaptee  IX. 
THE  THEORETICAL  REFORMERS  OF  SCIENCE. 

We  have  already  seen  that  Patricius,  about  the  middle 
of  the  sixteenth  century,  announced  his  purpose  of  found- 
ing anew  the  whole  fabric  of  philosophy ;  but  that,  in 
executing  this  plan,  he  ran  into  wide  and  baseless  hypo- 
theses, suggested  by  a  pri(yii  conceptions  rather  than  by 
external  observation ;  and  that  he  was  further  misled  by 
fanciful  analogies  resembling  those  which  the  Platonic 
mystics  loved  to  contemplate.  The  same  time,  and  the 
period  which  followed  it,  produced  several  other  essays 
which  were  of  the  same  nature,  with  the  exception  of 
their  being  free  from  the  peculiar  tendencies  of  the 
Platonic  school:  and  these  insurrections  against  the 
authority  of  the  established  dogmas,  although  they  did  not 
directly  substitute  a  better  positive  system  in  the  place  of 
that  which  they  assailed,  shook  the  authority  of  the  Aris- 
totelian system,  and  led  to  its  overthrow;  which  took 
place  as  soon  as  these  theoretical  were  aided  by  other 
practical  reformers. 

Bernardinus  Teksitcs. — Italy,  always,  in  modern  times, 
fertile  in  the  beginnings  of  new  systems,  was  the  soil  on 
which  these  innovators  arose.  The  earliest  and  most 
conspicuous  of  them  is  Bernardinus  Telesius,  who  was 
born  in  1508,  at  Cosenza,  in  the  kingdom  of  Naples. 
His  studies,  carried  on  with  great  zeal  and  ability,  first  at 
Milan  and  then  at  Rome,  made  him  well  acquainted  with 
the  knowledge  of  his  times ;  but  his  own  reflections  con- 
vinced him  that  the  basis  of  science,  as  then  received,  was 
altogether  erroneous  ;  and  led  him  to  attempt  a  reform, 
with  which  view,  in  1565,  he  published,  at  Rome,  his 
work*,  *^  Bernardinus  TelesitiSy  of  Cosenza^  on  the  Nature 

*  Bernardini  Telbsii  Consentini  De  JSerum  Natura  juxta  j;ro^ 
pria  Principia. 
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of  ThingSy  according  to  principles  of  his  own.''     lu  the 
profiice  of  this  work  he  gives  a  short  account*  of  the 
train  of  reflection  by  which  he  was  led  to  put  himself  in 
opposition  to  the  Aristotelian  philosophy.     This  kind  of 
autobiography  occurs  not  unfrequently  in  the  writings  of 
theoretical  reformers ;  and  shows  how  livelily  they  felt  the 
novelty  of  their  undertaking.     After  the  storm  and  sack 
of  Rome  in  1527,  Telesius  retired  to  Padua,  as  a  peaceful 
seat  of  the  muses ;  and  there  studied  philosophy  and  ma- 
thematics, with  great  zeal,  under  the  direction  of  Jerom 
Amalthseus  and  Frederic  Delphinus.     In  these  studies  he 
made  great  progress ;  and  the  knowledge  which  he  thus 
acquired  threw  a  new  light  upon  his  view  of  the  Aristote- 
lian philosophy.    He  undertook  a  closer  examination  of  the 
Physical  Doctrines  of  Aristotle ;  and  as  the  result  of  this, 
he  was  astonished  how  it  could  have  been  possible  that  so 
many  excellent  men,  so  many  nations,  and  even  almost  the 
whole  human  race,  should,  for  so  long  a  time,  have  allowed 
themselves  to  be  carried  away  by  a  blind  reverence  for  a 
teacher,  who  had  committed  errors  so  numerous  and  grave 
as  he  perceived  to  exist  in  "the  philosopher."    Along  with 
this  view  of  the  insufficiency  of  the  Aristotelian  philoso- 
phy, arose,  at  an  early  period,  the  thought  of  erecting  a 
better  system  in  its  place.     With  this  purpose  he  left 
Padua,  when  he  had  received  the  degree  of  Doctor,  and 
went  to  Rome,  where  he  was  encouraged  in  his  design  by 
the  approval  and  friendly  exhortations  of  distinguished 
men  of  letters,  amongst  whom  were  Ubaldino  Bandinelli 
and  Giovanni  della  Casa.      From  Rome  he  went  to  his 
native  place,  when  the  incidents  and  occupations  of  a 
married  life  for  a  while  interrupted  his  philosophical  pro- 
ject.    But  after  his  wife  was  dead,  and  his  eldest  son 

*  I  take  this  account  from  Tenncman :  this  Proem  was  omitted  in 
subsequent  editions  of  Telesius,  and  is  not  in  the  one  iivhich  I  have 
consulted.    Tennsman,  Getch.  d,  Pkil.y  ix.  280. 
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grown  to  maulioody  he  resumed  with  ardour  the  scheme 
of  his  youth ;  again  studied  the  works  of  Aristotle  and 
other  philosophers,  and  composed  and  published  the  two 
first  books  of  his  treatise.  The  opening  to  this  woik 
sufficiently  exhibits  the  spirit  in  which  it  was  conceited. 
Its  object  is  stated  in  the  title  to  be  to  show,  that  ^the 
construction  of  the  world,  the  magnitude  and  nature  ai 
the  bodies  contained  in  it,  are  not  to  be  investigated  bj 
reasoning,  which  was  done  by  the  ancients,  but  are  to  be 
apprehended  by  the  senses,  and  collected  from  the  things 
themselves."  And  the  Proem  is  in  the  same  strain. 
"  They  who  before  us  have  inquired  concerning  the  con- 
struction of  this  world  and  of  the  things  which  it  contains, 
seem  indeed  to  have  prosecuted  their  examination  with 
protracted  vigils  and  great  labour,  but  fiever  to  have  looked 
at  it.'*  And  thus,  he  observes,  they  found  nothing  bnt 
error.  This  he  ascribes  to  their  presumption.  "  For,  as 
it  were,  attempting  to  rival  God  in  wisdom,  and  venturing 
to  seek  for  the  principles  and  causes  of  the  world  by  the 
light  of  their  own  reason,  and  thinking  they  had  found 
what  they  had  only  invented,  they  made  an  arbitrary 
world  of  their  own."  "  We  then,"  he  adds,  "  not  relying 
on  ourselves,  and  of  a  duller  intellect  than  they,  propose 
to  ourselves  to  turn  our  regards  to  the  world  itself  and 
its  parts." 

The  execution  of  the  work,  however,  by  no  means 
corresponds  to  the  announcement.  The  doctrines  of 
Aristotle  are  indeed  attacked;  and  the  objections  to 
these,  and  to  other  received  opinions,  form  a  large  part  of 
the  work.  But  these  objections  are  supported  by  d  priori 
reasoning,  and  not  by  experiments.  And  thus,  rejecting 
the  Aristotelian  physics,  he  proposes  a  system  at  least 
equally  baseless;  although,  no  doubt,  grateful  to  the 
author  from  its  sweeping  and  apparently  simple  character 
He  assumes  three  principles,  Heat,  Cold,  and  Matter: 
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Heat  is  the  principle  of  motion,  Cold  of  immobility,  and 
Matter  is  the  corporeal  substratum,  in  >¥hich  these  incor- 
poreal and  active  principles  produce  their  eflfects.  It  is 
easy  to  imagine  that>  by  combining  and  separating  these 
abstractions  in  various  ways,  a  sort  of  account  of  many 
natural  phenomena  may  be  given ;  but  it  is  impossible  to 
ascribe  any  real  value  to  such  a  system.  The  merit  of 
Telesius  must  be  considered  to  consist  in  his  rejection  of 
the  Aristotelian  errors,  in  his  perception  of  the  necessity 
of  a  reform  in  the  method  of  philosophizing,  and  in  his 
persuasion  that  this  reform  must  be  founded  on  experi- 
ments rather  than  on  reasoning.  When  he  said  *,  "  We 
propose  to  ourselves  to  turn  our  eyes  to  the  world  itself, 
and  its  parts,  their  passions,  actions,  operations  and  spe- 
cies,**  his  view  of  the  course  to  be  followed  was  righ  ; 
but  his  purpose  remained  but  ill  fulfilled,  by  the  arbitrary 
edifice  of  abstract  conceptions  which  his  system  exhibits. 
Bacon,  who,  about  half  a  century  later,  treated  the 
subject  of  a  reform  of  philosophy  in  a  far  more  penetrating 
and  masterly  manner,  has  ^ven  us  his  judgment  of  Tele- 
sius. In  his  view,  he  considers  Telesius  as  the  restorer 
of  the  Atomic  philosophy,  which  Democritus  and  Parme- 
nides  taught  among  the  ancients ;  and  according  to  his 
custom,  he  presents  an  image  of  this  philosophy  in  an 
adaptation  of  a  portion  of  ancient  mythology  f.  The 
Celestial  Cupid,  who,  vrith  Coelus,  was  the  parent  of  the 
Gods  and  of  the  Universe,  is  exhibited  as  a  representation 
of  matter  and  its  properties,  according  to  the  Democritean 
philosophy.  ** Concerning  Telesius,**  says  Bacon,  "we 
think  well,  and  acknowledge  him  as  a  lover  of  truth,  a 
useful  contributor  to  science,  an  amender  of  some  tenets, 

*  Proem. 

t  "  De  Prineipiis  atqne  Origtnitnls  866Undnm  fafautas  CuptdtnU  ct 
Coeli :  sivo  Pormenidis  et  Telesii  ct  prcecipue  Democriti  Phllosopbla 
tractata  in  Fabula  de  Cupidine." 

2  A  2 
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the  first  of  recent  men.  But  we  have  to  do  with  him  as 
the  restorer  of  the  philosophy  of  Pannenides,  to  whom 
much  reverence  is  due."  With  regard  to  this  philosophy, 
he  pronounces  a  judgment  which  very  truly  expresses  tlie 
cause  of  its  rashness  and  emptiness.  '^It  is,"  he  sajs, 
"such  a  system*  as  naturally  proceeds  from  the  intellect, 
abandoned  to  its  own  impulse,  and  not  rising  from 
experience  to  theory  continuously  and  successively." 
Accordingly,  he  says  that,  "  Telesius,  although  learned  in 
the  Peripatetic  philosophy  (if  that  were  anything),  which, 
indeed,  he  has  turned  against  the  teachers  of  it,  is  hindered 
by  his  affirmations,  and  is  more  successful  in  destroying 
than  in  building." 

The  work  of  Telesius  excited  no  small  notice,  and 
was  placed  in  the  Indea^  EjppurgcUorim.  It  made  many 
disciples,  a  consequence  probably  due  to  its  spirit  of 
system-making,  no  less  than  to  its  promise  of  reform,  or 
its  acuteness  of  argument;  for  till  trial  and  reflection 
have  taught  man  modesty  and  moderation,  he  can  never 
be  content  to  receive  knowledge  in  the  small  successive 
instalments  in  which  nature  gives  it  forth  to  him.  It  is 
the  makers  of  large  systems,  arranged  with  an  appearance 
of  completeness  and  symmetry,  who,  principally,  give  rise 
to  Schools  of  philosophy. 

{Thomas  CampaTiella.)— Accordingly,  Telesius  may  be 
looked  upon  as  the  founder  of  a  School.  His  most  dis- 
tinguished successor  was  Thomas  Campanella,  who  was 
bom  in  1568,  at  Stilo,  in  Calabria.  He  showed  great 
talents  at  an  early  age,  prosecuting  his  studies  at  Cosenza, 
the  birth-place  of  the  great  opponent  of  Aristotle  and 
reformer    of   philosophy.      He,   too,   has  given    us    an 

♦  "  Talia  sunt  qualia  possunt  esse  ea  quae  ab  intellectu  sibi  per- 
miss ),  nee  ab  experiiuentis  continenter  et  gradatim  sublevato,  profecta 
videntur." 
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account*  of  the  course  of  thought  by  which  he  was  led 
to  become  an  innovator.  "  Being  afraid  that  not  genuine 
truth,  but  falsehood  in  the  place  of  truth,  was  the  tenant 
of  the  Peripatetic  School,  I  examined  all  the  Greek, 
Latin,  and  Arabic  commentators  of  Aristotle,  and  hesi- 
tated  more  and  more,  as  I  sought  to  learn  whether  what 
they  have  said  were  also  to  be  read  in  the  world  itself, 
which  I  had  been  taught  by  learned  men  was  the  living 
book  of  God.  And  as  my  doctors  could  not  satisfy  my 
scruples,  I  resolved  to  read  all  the  books  of  Plato,  Pliny, 
Galen,  the  Stoics,  and  the  Democriteans,  and  especially 
those  of  Telesius;  and  to  compare  them  with  that y?rrf 
and  original  writing^  the  world;  that  thus  from  the 
primary  autograph,  I  might  learn  if  the  copies  contained 
anything  false."  Campanella  probably  refers  here  to  an 
expression  of  Plato,  who  says,  "  the  world  is  God's  epistle 
to  mankind."  And  this  image,  of  the  natural  world  as 
an  original  manuscript,  while  human  systems  of  philoso- 
phy arc  but  copies,  and  may  be  false  ones,  became  a 
favourite  thought  of  the  reformers,  and  appears  repeatedly 
in  their  writings  from  this  time.  "  When  I  held  my 
public  disputation  at  Cosenza,"  Campanella  proceeds, 
"and  still  more,  when  I  conversed  privately  with  the 
brethren  of  the  monastery,  I  found  little  satisfaction  in 
their  answers ;  but  Telesius  delighted  me,  on  account  of 
his  freedom  in  philosophizing,  and  because  he  rested  upon 
the  nature  of  things,  and  not  upon  the  assertions  of  men." 
With  these  views  and  feelings,  it  is  not  wonderful 
that  Campanella,  at  the  early  age  of  twenty-two  (151)0,) 
published  a  work  remarkable  for  the  bold  promise  of  its 
title :  **  Thomas  CampaneUa's  Philosophy  demonstrated  to 
the  senses^  against  those  who  have  philosophized  in  a  arU- 
trary  and  dogmatical  manner^  not  taking  nature  for  their 
guide ;  in  which  the  errors  of  Aristotle  and  his  followers 

*  Thom.  CahpameIiLA  de  LibrU  propriUj  as  quoted  in  Teicnbman, 
ix.  291. 
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are  refuted  from  their  own  atsertians  and  the  lawi  ^ 
nature ;  and  ail  the  imaginations  feigned  in  the  place  (^ 
nature  hy  the  Peripatetics  are  altogether  rejected;  with  a 
true  defence  ofBernardin  Telesius  qf  CosenzOf  the  greatest  (f 
philosophers ;  confirmed  by  the  opinions  of  the  ancients^  hen 
elucidated  and  defended^  especially  those  qf  the  PlcUonistsr 
This  work  was  written  in  answer  to  a  book  againfit 
Telesius  by  a  Neapolitan  professor  named  Marta;  and 
it  was  the  boast  of  the  young  author  that  he  had  onlj 
employed  eleven  months  in  the  composition  of  his 
defence,  while  his  adversary  had  been  e&gag^ed  eleven 
years  in  preparing  his  attack.  Campanella  found  a 
favourable  reception  in  the  house  of  the  Marchese  La- 
velli,  and  there  employed  himself  in  the  compositioii 
of  an  additional  work,  entitled  On  the  Sense  of  Things 
and  Magic^  and  in  other  literary  labours.  These»  how- 
ever, are  full  of  the  indications  of  an  enthusiastic  tem- 
per, inclined  to  mystical  devotion,  and  of  opinions 
bearing  the  cast  of  pantheism.  For  instance,  the  title  of 
the  book  last  quoted  sets  forth  as  demonstrated  in  the 
course  of  the  work,  that  ^^  the  world  is  the  living  and 
intelligent  statue  of  God;  and  that  all  its  parts,  and 
particles  of  parts,  are  endowed  some  with  a  clearer,  some 
with  a  more  obscure  sense,  such  as  suffices  for  the  pre* 
servation  of  each  and  of  the  whole."  Besides  these 
opinions,  which  could  not  fail  to  make  him  obnoxious  to 
the  religious  authorities,  Campanella*  engaged  in  schemes 
of  political  revolution,  which  involved  him  in  danger  and 
calamity.  He  took  part  in  a  conspiracy,  of  which  the 
object  was  to  cast  off  the  tyranny  of  Spain,  and  to  make 
Calabria  a  republic.  This  design  was  discovered;  and 
Campanella,  along  with  others,  was  thrown  into  prison 
and  subjected  to  torture.  He  was  kept  in  confinement 
twentynseven  years;  and  at  last  obtained  his  liberation 

*  EooKouam  ItaUaniy  torn.  I  p.  xzxiii. 
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by  the  interposition  of  Pope  Urban  VIII.  He  was, 
however,  still  in  danger  from  the  Neapolitan  Inquisition ; 
and  escaped  in  disguise  to  Paris,  where  he  received  a 
pension  from  the  king,  and  lived  in  intercourse  with  the 
most  eminent  men  of  letters.     He  died  there  in  1639. 

Campanella  was  a  contemporary  of  Francis  Bacon, 
whom  we  must  consider  as  belonging  to  an  epoch  to 
which  the  Calabrian  school  of  innovators  was  only  a 
prelude.  I  shall  not  therefore  further  follow  the  con- 
nexion of  writers  of  this  order.  Tobias  Adami,  a  Saxon 
writer,  an  admirer  of  Campanella's  works,  employed  him- 
self, about  1620,  in  adapting  them  to  the  German  public, 
and  in  recommending  them  strongly  to  German  philoso« 
phers.  Descartes,  and  even  Bacon,  may  be  considered  as 
successors  of  Campanella ;  for  they  too  were  theoretical 
reformers ;  but  they  enjoyed  the  advantage  of  the  light 
which  had,  in  the  mean  time,  been  thrown  upon  the 
philosophy  of  science,  by  the  great  practical  advances  of 
Kepler,  Galileo,  and  others.  To  these  practical  reformers 
we  must  soon  turn  our  attention ;  but  we  may  first  notice 
one  or  two  additional  circumstances  belonging  to  our 
present  subject. 

Campanella  remarks  that  both  the  Peripatetics  and 
the  Platonists  conducted  the  learner  to  knowledge  by  a 
long  and  circuitous  path,  which  he  wished  to  shorten  by 
setting  out  from  the  sense.  Without  speaking  of  the 
methods  which  he  proposed,  we  may  notice  one  maxim* 
of  considerable  value  which  he  propounds,  and  to  which 
we  have  already  been  led.  "  We  begin  to  reason  from 
sensible  objects,  and  definition  is  the  end  and  epilogue  of 
science.  It  is  not  the  begining  of  our  knowing,  but  only 
of  our  teaching.'' 

{Andrew  Ccesalptmis.)^^The  same  maxim  had  already 
been  announced  by  Csesalpinus,  a  contemporary  of  Tele- 
sius ;  (he  was  bom  at  Arezzo  in  1520,  and  died  at  Borne 

•  TSNIOBMAN,  ix.  305. 
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in  1603.)  CoDsalpiniis  is  a  great  name  in  science,  though 
professedly  an  Aristotelian.  It  has  been  seen  in  the 
History  of  Science*,  that  he  formed  the  first  greit 
epoch  of  the  science  of  botany  by  his  systematic  ar^ang^ 
ment  of  plants,  and  that  in  this  task  he  had  no  successor 
for  nearly  a  century.  He  also  approached  near  to  the 
great  discovery  of  the  circulation  of  the  blood  t*  He 
takes  a  view  of  science  which  includes  the  remark  that 
we  have  just  quoted  from  Campanella  :  "  We  reach  per- 
fect knowledge  by  three  steps :  Induction,  Division,  De- 
finition. By  Induction,  we  collect  likeness  and  agreement 
from  observation ;  by  Division,  we  collect  unlikeness  and 
disagreement ;  by  Definition,  we  learn  the  proper  sub- 
stance of  each  object.  Induction  makes  universals  from 
particulars,  and  offers  to  the  mind  all  intelligible  matter; 
Division  discovers  the  difference  of  universals,  and  leads 
to  species ;  Definition  resolves  species  into  their  principles 
and  elements  f."  Without  asserting  this  to  be  rigorously 
correct,  it  is  incomparably  more  true  and  philosophical 
than  the  opposite  view,  which  represents  definition  as  the 
beginning  of  our  knowledge ;  and  the  establishment  of 
such  a  doctrine  is  a  material  step  in  inductive  philosophy f 
{Giordano  Bi^no.) — ^Among  the  Italian  innovators  of 
this  time  we  must  notice  the  unfortunate  Giordano  Bruno* 
who  was  born  at  Nola  about  1550,  and  burnt  at  Rome 
in  1600.  He  is,  however,  a  reformer  of  a  different  school 
from  Campanella;  for  he  derives  his  philosophy  from 
Ideas  and  not  from  Observation.  He  represents  himself 
as  the  author  of  a  new  doctrine,  which  he  terms  the  Nolan 
Philosophy.  He  was  a  zealous  promulgator  and  defender 
of  the  Copemican  system  of  the  universe,  as  we  have 
noticed  in  the  History  of  Science  ||.  Campanella  also 
wrote  in  defence  of  that  system. 

♦  HUt.  Ind.  ScLy  iii.  280.  t  lb.,  iii.  3S)G. 

X  Quoit.  FerijxUetioof,  i.  1.  §  Teknkman,  ix.  108 

II  ffiit.  Lid.  Set.,  1.  384. 
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It  is  worthy  of  remark  that  a  thought  which  is  often 
quoted  from  Francis  Bacon,  occurs  in  Brano's  Cena  di 
Cenercy  published  in  1584 ;  I  mean,  the  notion  that  the 
later  times  are  more  aged  than  the  earlier.  In  the  course 
of  the  dialogue,  the  Pedant,  who  is  one  of  the  interlocu- 
tors, says,  "  In  antiquity  is  wisdom ;"  to  which  the  Philo- 
sophical Character  replies,  "  If  you  knew  what  you  were 
talking  about,  you  would  see  that  your  principle  leads  to 
the  opposite  result  of  that  which  you  wish  to  infer ; — I 
mean,  that  t^e  are  older,  and  have  lived  longer,  than  our 
predecessors."  He  then  proceeds  to  apply  this,  by  tracing 
the  course  of  astronomy  through  the  earlier  astronomers 
up  to  Copernicus. 

{Peter  Ramus.)— 1  will  notice  one  other  reformer  of 
this  period,  who  attacked  the  Aristotelian  system  on 
another  side,  on  which  it  was  considered  to  be  most 
impregnable.  This  was  Peter  Ramus,  (born  in  Picardy 
in  1515,)  who  ventured  to  denounce  the  Logic  of  Aris- 
totle as  unphilosophical  and  useless.  After  showing  an 
extraordinary  aptitude  for  the  acquirement  of  knowledge 
in  his  youth,  when  he  proceeded  to  the  degree  of  Master 
of  Arts,  he  astonished  his  examiners  by  choosing  for  the 
subject  of  the  requisite  disputation  the  thesis*,  "  that  all 
which  Aristotle  has  said  is  not  true."  This  position,  so 
startling  in  1535,  he  defended  for  the  whole  day,  without 
being  defeated.  This  was,  however,  only  a  formal  acade- 
mical exercise,  which  did  not  necessarily  imply  any  per- 
manent conviction  of  the  opinion  thus  expressed.  But 
his  mind  was  really  labouring  to  detect  and  remedy  the 
errors  which  he  thus  proclaimed.  From  him,  as  from 
the  other  reformers  of  this  time,  we  have  an  account  of 
this  mental  struggle  f.  He  says,  in  a  work  on  this  sub- 
ject, "I  will  candidly  and  simply  explain  how  I  was 

*  Tenneman,  ix.  420. 
t  Baxi^  Animadvermnei  ArutoteUctB^  i.  iv. 


362  BEVIEW  OF  OPINIONS  ON  KNOWLEDOB. 

delivered  from  the  darkness  of  Aristotle.     When,  aecord- 
iug  to  the  laws  of  our  university,  I  had  spent  three  yesn 
and  a  half  in  the  Aristotelian  philosophy^  and  was  now 
invested  with  the  philosophical  laurel  as  a   Master  of 
Arts,  I  took  an  account  of  the  time  which  I  had  consumed 
in  this  study ;  and  considered  on  what  subjects  I  should 
employ  this  logical  art  of  Aristotle,  which  I  had  learnt 
with  so  much  labour  and  noise.     I  found  it  made  me  not 
more  versed  in  history  or  antiquities,  more  eloquent  in 
discourse,  more  ready  in  verse,  more  wise  in  any  subject 
Alas  for  me !  how  was  I  overpowered,  how  deeply  did  I 
groan,  how  did  I  deplore  my  lot  and  my  nature,  how  did 
I  deem  myself  to  be  by  some  unhappy  and  dismal  fate 
and  frame  of  mind  abhorrent  from  the  Muses,  when  I 
found  that  I  was  one  who,  after  all  my  pains,  could  reap 
no  benefit  from  that  wisdom  of  which  I  heard  so  much, 
as  being  contained  in  the  Logic  of  Aristotle."     He  then 
relates,  that  he  was  led  to  the  study  of  the  Dialogues  of 
Plato,  and  was  delighted  with  the  kind  of  analysis  of  the 
subjects  discussed  which  Socrates  is  there  represented  as 
executing.     "  Well,"  he  adds,  "  I  began  thus  to  reflect 
within  myself — (I  should  have  thought  it  impious  to  say 
it  to  another)— What,  I  pray  you,  prevents   me  from 
socratizing ;   and  from  asking,  without  regard  to  Aris- 
totle's authority,  whether  Aristotle's  Logic  be  true  and 
correct  ?     It  may  be  that  that  philosopher  leads  us  wrong ; 
and  if  so,  no  wonder  that  I  cannot  find  in  his  books  tho 
treasure  which  is  not  there.     What  if  his  dogmas  be 
mere  figments  ?     Do  I  not  tease  and  torment  myself  in 
vain,  trying  to  get  a  harvest  from  a  barren  soil  ?"     He 
convinced  himself  that  the  Aristotelian  logic  was  worth- 
less :  and  constructed  a  new  system  of  Logic,  founded 
mainly  on  the  Platonic  process  of  exhausting  a  subject  by 
analytical  classification  of  its  parts.     Both  works,  his  -4///- 
madvei'sions  on  Anstotky  and  his  /^c;^  appeared  in  1543. 
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The  learned  world  was  startled  and  shocked  to  find  a  young 
man,  on  his  first  entrance  into  life,  condemning  as  faulty, 
fallaciousi  and  useless,  that  part  of  Aristotle's  works  which 
had  always  hitherto  been  held  as  a  masterpiece  of  philo^ 
sophical  acutenesS)  and  as  tlie  Organon  of  scientific  rea- 
soning. And  in  truth,  it  must  be  granted  that  Ramus 
does  not  appear  to  have  understood  the  real  nature  and 
object  of  Aristotle's  Logic ;  while  his  own  system  could 
not  supply  the  place  of  the  old  one,  and  was  not  of  much 
real  value.  This  dissent  from  the  established  doctrines 
was,  however,  not  only  condemned  but  punished.  The 
printing  and  selling  of  his  books  was  forbidden  through 
France ;  and  Ramus  was  stigmatized  by  a  sentence^  which 
declared  him  rash,  arrogant,  impudent,  and  ignorant,  and 
prohibited  from  teaching  logic  and  philosophy.  He  was, 
however,  afterwards  restored  to  the  office  of  professor : 
and  though  much  attacked,  persisted  in  his  plan  of  re^ 
forming,  not  only  Logic  but  Physics  and  Metaphysics. 
He  made  his  position  still  more  dangerous  by  adopting  the 
reformed  religion ;  and  during  the  unhappy  civil  wars  of 
France,  he  was  deprived  of  his  professorship,  driven  from 
Paris,  and  had  his  library  plundered.  He  endeavoured, 
but  in  vain,  to  engage  a  German  professor,  Schegk,  to 
undertake  the  reform  of  the  Aristotelian  Physics ;  a  por-» 
tion  of  knowledge  in  which  he  felt  himself  not  to  be 
strong.  Unhappily  for  himself^  he  afterwards  returned 
to  Paris,  where  he  perished  in  the  massacre  of  St.  Bar« 
tholomew  in  1672. 

Ramus's  main  objection  to  the  Aristotelian  Logic  is, 
that  it  is  not  the  image  of  the  natural  process  of  thought ; 
an  objection  which  shows  little  philosophical  insight ;  for 
the  course  by  which  we  obtain  knowledge  may  well  differ 
from  the  order  in  which  our  knowledge,  when  obtained, 
is  exhibited.  We  have  already  seen  that  Ramus's  con- 
temporaries^  Gassalpinus  and  Campanella^  had  a  wiser 
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view ;  }>laciiig  definition  as  the  last  step  in  knoTnng,  but 
the  first  in  teaching.  But  the  effect  which  Ramus  pro- 
duced was  by  no  means  slight.  He  aided  powerfully  in 
turning  the  minds  of  men  to  question  the  authority  of 
Aristotle  on  all  points ;  and  had  many  folio wera,  espe- 
cially among  the  Protestants.  Among  the  rest,  Miltoo, 
our  great  poet,  published  "  Artis  Logical  plenior  Insti- 
tutio  ad  Petri  llami  metliodum  concinnaia  ;"  .but  this  work, 
appearing  in  1672,  belongs  to  a  succeeding  period. 

{llie  Reformers  in  general.) — ^It  is  impossible  not  to  be 
struck  with  the  series  of  misfortunes  which  assailed  the 
reformers  of  philosophy  of  the  period  we  have  had  to 
review.  Roger  Bacon  was  repeatedly  condemned  and  im- 
prisoned ;  and,  not  to  speak  of  others  who  suffered  under 
the  imputation  of  magical  arts,  Telesius  is  said*  to  have 
been  driven  from  Naples  to  his  native  city  by  calumDj 
and  envy;  Ca?salpinus  was  accused  of  atheism  f;  Campa- 
nella  was  imprisoned  for  twenty-seven  years  and  tortured; 
Giordano  Bruno  was  burnt  at  Rome  as  a  heretic ;  Ramus 
was  persecuted  during  his  life,  and  finally  murdered  by 
his  personal  enemy  Jacques  Charpentier,  in  a  massacre  of 
which  the  plea  was  religion.  It  is  true,  that  for  the 
most  part  these  misfortunes  were  not  principally  due  to 
the  attempts  at  philosophical  reform,  but  were  connected 
rather  with  politics  or  religion.  But  we  cannot  doubt 
that  the  spirit  which  led  men  to  assail  the  received  philo- 
sophy, might  readily  incline  them  to  reject  some  tenets 
of  the  established  religion ;  since  the  boundary  line  of 
these  subjects  is  difficult  to  draw.  And  as  we  have 
seen,  there  was  in  most  of  the  persons  of  whom  we  have 
spoken,  not  only  a  well-founded  persuasion  of  the  de- 
fects of  existing  systems,  but  an  eager  spirit  of  change, 
and  a  sanguine  anticii)ation  of  some  wide  and  lofty  phi- 
losophy, which  was  soon  to  elevate  the  minds  and  con- 
ditions of  men.     The  most  unfortunate  were,  for  the  most 

*  Tenneman,  ix.  200.  t  lb.  ix.  108. 
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;)art,  the  least  temperate  and  judicious  reformers.  Patri- 
cius,  who,  as  we  have  seen,  declared  himself  against  the 
Aristotelian  philosophy,  lived  and  died  at  Rome  in  peace 
and  honour*. 

(Melanchtkon.) — It  is  not  easy  to  point  out  with  pre- 
cision the  connexion  between  the  efforts  at  a  Reform  in 
Philosophy,  and  the  great  Reformation  of  Religion  in  the 
sixteenth  century.     The  disposition  to  assert  (practically 
at  least)  a  freedom  of  thinking,  and  to  reject  the  corrup- 
tions which  tradition  had  introduced  and  authority  main- 
tained, naturally  extended  its  influence  from  one  subject 
to  another ;  and  especially  in  subjects  so  nearly  connected 
as  theology  and  philosophy.     The  Protestants,  however, 
did  not  reject  the  Aristotelian  system ;  they  only  reformed 
it,  by  going  back  to  the  original  works  of  the  author, 
and  by  reducing  it  to  a  conformity  with  Scripture.     In 
this  reform,  Melanchthon  was  the  chief  author,  and  wrote 
works  on  Logic,  Physics,  Morals,  and  Metaphysics,  which 
were  used  among  Protestants.     On  the  subject  of  the 
origin  of  our  knowledge,  his  views  contained  a  very  phi- 
losophical improvement   of  the   Aristotelian   doctrines. 
He  recognized  the  importance  of  Ideas,  as  well  as  of 
Experience.     "  We  could  not,"  he  says  f,  "  proceed  to 
reason  at  all,  except  there  were  by  nature  innate  in  man 
certain  fixed  points,  that  is,  principles  of  science ; — as 
Number,  the  recognition  of  Order  and  Proportion,  logi- 
cal, geometrical,  physical  and  moral  Principles.     Physical 
principles  are  such  as  these, — everything  which  exists 
proceeds  from  a  cause, — a  body  cannot  be  in  two  places 
at  once, — time  is  a  continued  series  of  things  or  of  mo- 
tions,— and  the  like."     It  is  not  difficult  to  see  that  such 
Principles  partake  of  the  nature  of  the  Fundamental 
Ideas  which  we  have  attempted  to  arrange  and  enume- 
rate in  a  previous  part  of  this  work. 

*  Tennbman,  IX.  246. 
t  Melakchthon,  De  Animas  p.  207,  qnotcd  in  Tenneman,  iz.  121. 
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Before  vrc  proceed  to  the  next  cbapter,  which  trab 
of  the  Practical  Reformers  of  Scientific  Method,  let  n 
for  an  instant  look  at  the  strong  persuasion  that  the 
time  of  a  philosophical  revolution  vtbs  at  hand,  impfied 
in  the  titles  of  the  works  of  this  period.  Telesins  pub- 
lished De  Remm  Natiirajuxta  propria  prineipia  ;  FraiMb 
Helmont,  Pkilosophia  vulgaris  refutata;  I^tricios,  NiM 
de  Universis  PhUosophia ;  Campanella,  PAilascphia  sensiim 
demonstrata^  advei'sus  encores  Aristotelis :  Bruno  professed 
himself  the  author  of  a  Nolan  Philosophj/ ;  and  Ramos 
of  a  Neto  Logic.  Tlie  age  announced  itself  pregnant; 
and  the  eyes  of  all  who  took  an  interest  in  the  intellectual 
fortunes  of  the  race,  were  looking  eagerly  for  the  expected 
offspring. 


Chapter  X. 

THE  PRACTICAL  REFORMERS  OF  SCIENCE. 

Character  of  the  Practical  Reformers. — We  now  come 
to  a  class  of  speculators  who  had  perhaps  a  greater  share 
in  bringing  about  the  change  from  stationary  to  progres- 
sive knowledge,  than  those  writers  who  so  loudly  an- 
nounced the  revolution.     The  mode  in  which  the  philoso- 
phers of  whom  we  now  speak  produced  their  impressions 
on  men's  minds,  was  very  different  from  the  procedure  of 
th e  theoretical  reformers.    What  these  talked  of,  they  did ; 
what  these  promised,  they  performed.     While  the  theo- 
rists concerning  knowledge  proclaimed  that  great  advances 
were  to  be  made,  the  practical  discoverers  went  steadily 
forwards.     While  one  class  spoke  of  a  complete  Reform 
of  scientific  Methods,  the  other,  boasting  little,  and  often 
thinking  little  of  Method,  proved  the  novelty  of  their 
instrument  by  obtaining  new  results.     While  the  meta- 
physicians wore  exhorting  men  to  consult  experience  and 
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the  senses,  the  physicists  were  examining  nature  by  such 
means  with  unparalleled  success.  And  while  the  former, 
even  when  they  did  for  a  moment  refer  to  facts,  soon  rushed 
back  into  their  own  region  of  ideas,  and  tried  at  once  to 
seize  the  widest  generalizations,  the  latter,  fastening  their 
attention  upon  the  phenomena,  and  trying  to  reduce  them 
to  laws,  were  carried  forwards  by  steps  measured  and 
gradual,  such  as  no  conjectural  view  of  scientific  method 
had  suggested;  but  leading  to  truths  as  profound  and 
comprehensive  as  any  which  conjecture  had  dared  to 
anticipate.  The  theoretical  reformers  were  bold,  self- 
confident,  hasty,  contemptuous  of  antiquity,  ambitious  of 
ruling  all  future  speculations,  as  they  whom  they  sought 
to  depose  had  ruled  the  past.  The  practical  reformers 
were  cautious,  modest,  slow,  despising  no  knowledge, 
whether  borrowed  from  tradition  or  observation,  confident 
in  the  ultimate  triumph  of  science,  but  impressed  with 
the  conviction  that  each  single  person  could  contribute 
a  little  only  to  its  progress.  Yet  though  thus  working 
rather  than  speculating, — dealing  with  particulars  more 
than  with  generals, — employed  mainly  in  adding  to  know- 
ledge, and  not  in  defining  what  knowledge  is,  or  how 
additions  are  to  be  made  to  it, — these  men,  thoughtful, 
curious,  and  of  comprehensive  minds,  were  constantly  led 
to  important  views  on  the  nature  and  methods  of  science. 
And  these  views,  thus  suggested  by  reflections  on  their 
own  mental  activity,  were  gradually  incorporated  with 
the  more  abstract  doctrines  of  the  metaphysicians,  and 
had  a  most  important  influence  in  establishing  an  improved 
philosophy  of  science.  The  indications  of  such  views  we 
must  now  endeavour  to  collect  from  the  writings  of  the 
discoverers  of  the  times  preceding  the  seventeenth  cen- 
tury. 

Some  of  the  earliest  of  these  indications  are  to  be 
found  in  those  who  dealt  with  Art  rather  than  with  Science. 
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1  have  already  endeavoured  to  show  that  the  advance  of 
the  arts  which  give  us  a  command  over  the  powers  of 
nature,  is  generally  prior  to  the  formation  of  exact  and 
speculative  knowledge  concerning  those  powers.  But 
Art,  which  is  thus  the  predecessor  of  Science,  is,  among 
nations  of  acute  and  active  intellects,  usually  its  parent, 
There  operates,  in  such  a  cases,  a  speculative  spirit,  lead- 
ing men  to  seek  for  the  reasons  of  that  which  they  find 
themselves  able  to  do.  How  slowly,  and  with  what 
repeated  deviations  men  follow  this  leading,  when  under 
the  influence  of  a  partial  and  dogmatical  philosophy,  the 
late  birth  and  slow  growth  of  sound  physical  theory  shows. 
But  at  the  period  of  which  we  now  speak,  we  find  men, 
at  length,  proceeding  in  obedience  to  the  impulse  which 
thus  drives  them  from  practice  to  theory ; — from  an  ac- 
quaintance with  phenomena  to  a  free  and  intelligent 
inquiry  concerning  their  causes. 

Leonardo  da  Vinci. — I  have  already  noticed,  in  the 
History  of  Science,  that  the  Indistinctness  of  Ideas, 
which  was  long  one  main  impediment  to  the  progress  of 
science  in  the  middle  ages,  was  first  remedied  among 
architects  and  engineers.  These  men,  so  far  at  least  as 
mechanical  ideas  were  concerned,  were  compelled  by  their 
employments  to  judge  rightly  of  the  relations  and  proper- 
ties of  the  materials  with  which  they  had  to  deal ;  and 
would  have  been  chastised  by  the  failure  of  their  works, 
if  they  had  violated  the  laws  of  mechanical  truth.  It 
was  not  wonderful,  therefore,  that  these  laws  became 
known  to  them  first.  We  have  seen,  in  the  History, 
that  Leonardo  da  Vinci,  the  celebrated  painter,  who  was 
also  an  engineer,  is  the  first  writer  in  whom  we  find  the 
true  view  of  the  laws  of  equilibrium  of  the  lever  in  the 
most  general  case.  This  artist,  a  man  of  a  lively  and 
discursive  mind,  is  led  to  make  some  remarks*  on  the 

*  His  works  have  never  been  pubUshed,  and  exist  in  manuscript  in 
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formation  of  our  knowledge,  which  may  show  the  opinions 
on  that  subject  that  already  offered  themselves  at  the 
beginning  of  the  sixteenth  century^.  He  expresses 
himself  as  follows : — "  Theory  is  the  general.  Experiments 
are  the  soldiers.  The  interpreter  of  the  artifices  of 
nature  is  Experience :  she  is  never  deceived.  Our  judg- 
ment sometimes  is  deceived,  because  it  expects  effects 
which  Experience  refuses  to  allow."  And  again,  "  We 
must  consult  Experience,  and  vary  the  circumstances  till 
we  have  drawn  from  them  general  rules ;  for  it  is  she 
who  furnishes  true  rules.  But  of  what  use,  you  ask,  are 
these  rules  ?  I  reply,  that  they  direct  us  in  the  researches 
of  nature  and  the  operations  of  art.  They  prevent  our 
imposing  upon  ourselves  and  others,  by  promising  our- 
selves results  which  we  cannot  obtain.** 

**  In  the  study  of  the  sciences  which  depend  on  mathe- 
matics, those  who  do  not  consult  nature  but  authors,  are 
not  the  children  of  nature,  they  are  only  her  grand- 
children. She  is  the  true  teacher  of  men  of  genius. 
But  see  the  absurdity  of  men !  They  turn  up  their  noses 
at  a  man  who  prefers  to  learn  from  nature  herself  rather 
than  from  authors  who  are  only  her  clerks." 

In  another  place^  in  reference  to  a  particular  case,  he 
says,  ^*  Nature  begins  from  the  Reason  and  ends  in  Ex- 
perience; but  for  all  that,  we  must  take  the  opposite 
course ;  begin  from  the  Experiment  and  try  to  discover 
the  Reason." 

Leonardo  was  bom  forty-six  years  before  Telesius; 
yet  we  have  here  an  estimate  of  the  value  of  experience 
far  more  just  and  substantial  than  the  Calabrian  school 
ever  reached.  The  expressions  contained  in  the  above 
extracts,  are  well  worthy  oiir  notice ; — that  experience  is 

tho  library  of  the  Institute  at  Paris.     Some  extracts  were  .published 
by  Venturi,  Eaai  iur  Ui  Ouvragei  de  Leonard  da  Vinci.     Paris,  1797- 
•  Leonardo  died  in  1520,  at  the  ago  of  78. 
VOL.  n.  2  B 
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never  deceived  ;'*--that  we  must  vary  our  experimentt, 
and  draw  from  them  general  rules  ;*-*-ikhat  nature  is  the 
original  source  of  knowledge,  and  books  only  a  derivative 
substitute ; — ^with  the  lively  image  of  the  sons  and  gmnd- 
sons  of  nature.  Some  of  these  assertions  hava  been 
deemed»  and  not  without  reason,  very  similar  to  those 
made  by  Bacon  a  century  later.  Yet  it  is  probable  that 
the  import  of  such  Expressions,  in  Leonardo's  mind,  wis 
less  olear  and  definite  than  that  whieh  they  aoquired  by 
the  progress  of  sound  philosophy.  When  he  says  that 
theory  is  the  general  and  experiments  the  soldiers,  he 
probably  meant  that  theory  directs  men  what  experiments 
to  make ;  and  had  not  In  his  mind  the  notion  of  a  theo«* 
retical  Idea  ordering  and  brigading  the  Faots«  When  he 
says  that  Experience  is  the  interpreter  of  Nature,  we  may 
recollect,  that  in  a  more  correot  use  of  this  ima^  Expe- 
rience and  Nature  are  the  writing,  and  the  Intellect  of 
man  the  interpreter.  We  may  add,  that  the  clear  apprch 
hension  of  the  importance  of  Experience  led,  in  this  aa  in 
other  cases,  to  an  unjust  depreciation  of  the  value  of  what 
science  owed  to  books.  Leonardo  would  have  made  little 
progress,  if  he  had  attempted  to  master  a  complex  scienc^i 
astronomy  for  instance,  by  means  of  observation  alone, 
without  the  aid  of  books. 

But  in  spite  of  such  criticism,  Leonardo's  maxims 
show  extraordinary  sagacity  and  insight ;  and  they  appear 
to  us  the  more  remarkable,  when  we  find  how  rare  such 
views  arie  for  a  century  after  his  time. 

Ciy>emieus.^w^¥oT  we  by  no  means  find,  even  in  those 
practical  discoverers  to  whom,  in  reality,  the  revolution 
in  science,  and  consequently  in  the  philosophy  of  science, 
was  due,  this  prompt  and  vigorous  recognition  of  the 
supreme  authority  of  observation  as  a  ground  of  belief; 
this  bold  estimate  of  the  probable  worthlessness  of  tradi- 
tional knowledge ;  and  this  plain  assertion  of  tho  reality 
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of  theory  founded  upon  experience.    Among  such  dis- 
coverers, Copernicus  must  ever  hold  a  most  distinguished 
place.     The  heliocentric  theory  of  the  universe,  established 
by  him  vnth  vast  labour  and  deep  knowledge,  was,  for  the 
succeeding  century,  the  field  of  discipline  and  exertion 
of  all  the  most  active  speculative  minds.     Men,  during 
that  time,  proved  their  freedom  of  thought,  their  hopeful 
spirit,  and  their  comprehensive  view,  by  adopting,  incul- 
cating, and  following  out  the  philosophy  which  this  theory 
suggested.    But  in  the  first  promulgation  of  the  theory, 
in  the  works  of  Copernicus  himself,  we  find  a  far  more 
cautious  and  reserved  temper.     He  does  not,  indeed,  give 
up  the  reality  of  his  theory,  but  he  expresses  himself  so 
as  to  avoid  shocking  those  who  might  (as  some  afterwards 
did)  think  it  safe  to  speak  of  it  as  an  hypothesis  rather 
than  a  truth*     In  his  preface  addressed  to  the  Pope*, 
after  speaking  of  the  difliculties  in  the  old  and  received 
doctrines,  by  which  he  was  led  to  his  own  theory,  he 
says,  ^^  Hence  I  began  to  think  of  the  mobility  of  the 
earth ;  and  although  the  opinion  seemed  absurd,  yet  be- 
cause I  knew  that  to  others  before  me  this  liberty  had 
been  conceded,  of  imagining  any  kinds  of  circles  in  order 
to  explain  the  phenomena  of  the  stars,  I  thought  it  would 
also  be  readily  granted  me,  that  I  might  try  whether,  by 
supposing  the  earth  to  be  in  motion,  I  might  not  arrive 
at  a  better  explanation  than  theirs,  of  the  revolutions  of 
the  celestial  orbs/'  '  Nor  does  he  anywhere  assert  that 
the  seeming  absurdity  had  become  a  certain  truth,  or 
betray  any  feeling  of  triumph  over  the  mistaken  belief 
of  his  predecessors.    And,  as  I  have  elsewhere  shown, 
his  disciples  f  indignantly  and  justly  defended  him  from 
the  charge  of  disrespect  towards  Ptolemy  and  other  an- 
cient astronomers.     Yet  Copernicus  is  far  from  compro- 
mising the  value  or  evidence  of  the  great  truths  which 

*  Paul  III.,  in  154a  t  Hi»i.  ItuL  Sou,  i.  375. 
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he  introduced  to  general  acceptance;  and  from  sinking 
in  his  exposition  of  bis  discoveries  below  the  temper 
which  had  led  to  them.  His  quotation  from  Ptolemy, 
that  **  He  who  is  to  follow  philosophy  must  be  a  fireeman 
in  mind,"  is  a  grand  and  noble  maxim,  which  it  well 
became  him  to  utter. 

Fabricius.'-^In  another  of  the  great  discoverers  of  this 
period,  though  employed  on  a  very  different  subject^  we 
discern  much  of  the  same  temper.  Fabricius  of  Acqua- 
pendente*,  the  tutor  and  forerunner  of  our  Harvey,  and 
one  of  that  illustrious  series  of  Paduan  professors  who  were 
the  fathers  of  anatomy  f,  exhibits  something  of  the  same 
respect  for  antiquity,  in  the  midst  of  his  original  specula- 
tions. Thus  in  a  dissertation t  On  the  Action  of  the 
JointSy  he  quotes  Aristotle's  Mechanical  Problems  to 
prove  that  in  all  animal  motion  there  must  be  some 
quiescent  fnlcrum;  and  finds  merit  even  in  Aristotle's 
ignorance.  "Aristotle,"  he  says ^,  "did  not  know  that 
motion  was  produced  by  the  muscle ;  and  after  staggering 
about  from  one  supposition  to  another,  at  last  is  com« 
polled  by  the  £Etcts  themselves  to  recur  to  an  innate  spirit, 
which,  he  conceives,  is  contracted,  and  which  pulls  and 
pushes.  And  here  we  cannot  help  admiring  the  genius 
of  Aristotle,  who,  though  ignorant  of  the  muscle,  invents 
something  which  produces  nearly  the  same  effect  as  the 
muscle,  namely,  contraction  and  pulling."  He  then, 
with  great  acuteness,  points  out  the  distinction  between 
Aristotle's  opinions,  thus  favourably  interpreted,  and 
those  of  Galen.  In  all  this,  we  see  something  of  the 
wish  to  find  all  truths  in  the  writings  of  the  ancients, 
but  nothing  which  materially  interferes  with  freedom  of 
inquiry.  The  anatomists  have  in  all  ages  and  countries 
been  practically  employed  in  seeking  knowledge  from 

♦  Bom  1537,  died  1619.  t  Hut.  Ind.  Sci,  iii.  396. 
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observation.  Facts  have  ever  been  to  them  a  subject  of 
careful  and  profitable  study ;  while  the  ideas  which  enter 
into  the  wider  truths  of  the  science,  are,  as  we  have  seen, 
even  still  involved  in  obscurity,  doubt,  and  contest. 

Maurolycus. — Francis  Maurolycus  of  Messana,  whose 
mathematical  works  were  published  in  1575,  was  one  of 
the  great  improvers  of  the  science  of  optics  in  his  time. 
In  his  Preface  to  his  Treatise  on  the  Spheres,  he  speaks 
of  previous  writers  on  the  same  subject ;  and  observes 
that  as  they  have  not  superseded  one  another,  they  have 
not  rendered  it  unfit  for  any  one  to  treat  the  subject 
afresh.  '^  Yet,"  he  says,  ^^  it  is  impossible  to  amend  the 
errors  of  all  who  have  preceded  us.  This  would  be  a  task 
too  hard  for  Atlas,  although  he  supports  the  heavens. 
Even  Copernicus  is  tolerated,  who  makes  the  sun  to  be 
fixed,  and  the  earth  to  move  round  it  in  a  circle ;  and 
who  is  more  worthy  of  a  whip  or  a  scourge  than  of  a 
refutation."  The  mathematicians  and  astronomers  of  that 
time  were  not  the  persons  most  sensible  of  the  progress 
of  physical  knowledge,  for  the  bases  of  their  science,  and 
a  great  part  of  its  substance,  were  contained  in  the 
writings  of  the  ancients;  and  till  the  time  of  Kepler, 
Ptolemy's  work  was,  very  justly,  looked  upon  as  includ- 
ing all  that  was  essential  in  the  science. 

Benedetti.  —  But  the  vnriters  on  Mechanics  weto 
naturally  led  to  present  themselves  as  innovators  and 
experimenters;  for  all  that  the  ancients  had  taught  con- 
cerning the  doctrine  of  motion  was  erroneous;  while 
those  who  sought  their  knowledge  from  experiment, 
were  constantly  led  to  new  truths.  John  Baptist  Bene- 
detti, a  Venetian  nobleman,  in  1599,  published  his 
Speculationum  LibeVj  containing,  among  other  matter,  a 
treatise  on  Mechanics,  in  which  several  of  the  Aosto- 
telian  errors  were  refuted.  In  the  Prefisure  to  this 
Treatise,  he  says,  ^^Many  anthers  have  written  much, 
and  vrith  great  ability,  on  Mechanics ;  bat  since  nature  is 
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constantljr  bringin^f  to  light  Bomething  either  new,  or 
before  unnoticed,  I  too  wished  to  put  forth  a  few  things 
hitherto  unattempted,  or  not  sufficiently  explained.^  In 
the  doctrine  of  motion  he  distinctly  and  at  some  length 
condemns  and  argues  against  all  the  Aristotelian  doctrines 
concerning  motion,  weight,  and  many  other  fandamental 
principles  of  physics.  Benedetti  is  also  an  adherent  of 
the  Copemican  doctrine.  He  states*  the  enormoQi 
velocity  which  the  heavenly  bodies  must  have^  if  the 
earth  be  the  centre  of  their  motions ;  and  adds,  **  which 
difficulty  does  not  occur  according  to  the  beautiful  theory 
of  the  Samian  Aristarchus,  expounded  in  a  divine  man* 
ner  by  Nicolas  Copernicus;  against  which  the  reasons 
alleged  by  Aristotle  are  of  no  weight."  Benedetti 
throughout  ihows  no  want  of  the  courage  or  ability  which 
Were  needed  in  order  to  rise  in  opposition  against  the 
dogmas  of  the  Peripatetics.  He  does  not,  however,  refer 
to  experiment  in  a  very  direct  manner ;  indeed  most  of 
the  facts  on  which  the  elementary  truths  of  mechanics 
rest,  were  known  and  admitted  by  the  Aristotelians;  and 
therefore  could  not  be  adduced  as  novelties.  On  the  con- 
trary, he  begins  with  A  priori  maxims,  which  experience 
woiild  not  have  confirmed.  "  Since,"  he  saysf,  "  we  have 
undertaken  the  task  of  proving  that  Aristotle  is  wrong  in 
his  opinions  concerning  motion,  there  are  certain  absolute 
truths,  the  objects  of  the  intellect  known  of  themselves, 
which  we  must  lay  down  in  the  first  place."  And  then, 
as  an  example  of  these  truths,  he  states  this :  "  Any  two 
bodies  of  equal  size  and  figure,  but  of  different  materials, 
will  have  their  natural  velocities  in  the  same  proportion 
as  their  weights;**  where  by  their  natural  velocities,  he 
means  the  velocities  with  which  they  naturally  fall  down- 
wards. 

Cfil6ert. — ^The  greatest  of  these  practical  reformers 
of  science  is   our    countrymani   William  Gilbert ;    if, 

•  Speimtaiumtm  lAhet,  p.  196.  f  P.  100. 


PftAOTIOAL  U&OBMBM  OF  SOlENCEU  87& 

indeed,  In  virtue  df  the  clear  views  of  the  prospectgl 
which  wefe  then  opening  tD  science,  and  of  the  methods 
by  which  her  ftiture  progress  was  to  be  secured,  while 
he  exemplified  those  views  by  physical  discoveries,  he 
do  not  rttther  deserve  the  still  higher  praise  of  being 
at  the  same  time  a  theoretical  and  a  practical  reformer. 
Gllbert*8  physical  researches  and  speculations  were  em- 
ployed principally  upon  subjects  on  which  the  ancientd 
had  known  little  or  nothing ;  and  on  which  therefore  it 
oould  not  be  doubtftil  whether  tradition  or  observation 
was  the  source  of  knowledge.  Such  was  magnetism ;  for 
the  ancients  Were  barely  acquainted  with  the  attractive 
property  of  the  magnet.  Its  polarity,  including  repulsion 
as  well  as  attraction,  ltd  direction  towards  the  north,  its 
limited  variation  from  this  direction,  its  declination  from 
the  horizontal  position.  Were  all  modern  discoveries. 
Gilbert^s  work*  on  the  magnet  and  on  the  magnetism  of 
the  earth,  appeared  in  1600 ;  and  in  this,  he  repeatedly 
maintains  the  superiority  of  experimental  knowledge  over 
the  physical  philosophy  of  the  ancients.  His  preface 
opens  thus :  ^*  Since  in  making  discoveries  and  searching 
out  the  hidden  causes  of  things,  stronger  reasons  are 
obtained  ttom  trustworthy  experiments  and  demonstrable 
arguments,  than  from  probable  conjectures  and  the  dog- 
mas of  those  who  philosophke  In  the  usual  manner,"  he 
has,  he  says,  **  endeavoured  to  proceed  from  common 
magnetical  experiments  to  the  inward  constitution  of  the 
earth.**  As  I  htlve  stated  in  the  History  of  Magnetism  f, 
Gilbert's  worie  contains  all  the  fiindamental  facts  of  that 
science,  so  fully  6titted,  that  we  have,  at  this  day,  little  to 
add  to  them.     He  Is  not,  however,  by  the  advance  which 

*  GuLlBLHt  GiLBSftTt,  ColcegiTieniiif  Medici  Londin^tuis^  D$  Mag* 
tute,  Magn^idique  CorparUnut  et  de  Mofno  Magmte  TeUure^  PhjfiiOh 
kgia  Nowi,  plurimis  et  Argumentis  et  Eoiperimefitii  demonstrata. 

t  Bin.  Ind.  /Sb'.,  iii.  45. 
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he  thus  made,  led  to  depreciate  the  ancients,  but  only  to 
claim  for  himself  the  same  liberty  of  philosophizing  which 
they  had  enjoyed*.  **  To  those  ancient  and  first  parests 
of  philosophy,  Aristotle,  Theophrastus,  Ptolemy,  Hippo- 
crates, Galen,  be  all  due  honour ;  from  them  it  was  that 
the  stream  of  wisdom  has  been  derived  down  to  posterity. 
But  our  age  has  discovered  and  brought  to  light  many 
things  which  they,  if  they  were  yet  alive,'  would  gladly 
embrace.  Wherefore  we  also  shall  not  hesitate  to  ex- 
pound, by  probable  hypotheses,  those  things  which  by 
long  experience  we  have  ascertained." 

In  this  work  the  author  not  only  adopts  the  Copemican 
doctrine  of  the  earth's  motion,  but  speaksf  of  the  con- 
trary supposition  as  utterly  absurd,  founding  his  aiga- 
ment  mainly  on  the  vast  velocities  which  such  a  suppo- 
sition requires  us  to  ascribe  to  the  celestial  bodies.  Dr. 
Gilbert  was  physician  to  Queen  Elizabeth  and  to  James 
the  First,  and  died  in  1603.  Sometime  after  his  death 
the  executors  of  his  brother  published  another  work  of 
his,  De  Mundo  nostra  Svblunari  Philosophia  Nova^  in  which 
similar  views  are  still  more  comprehensively  presented. 
In  this  he  says,  "  The  two  lords  of  philosophy,  Aristotle 
and  Galen,  are  held  in  worship  like  gods,  and  rule  the 
schools; — the  former  by  some  destiny  obtained  a  sway 
and  influence  among  philosophers,  like  that  of  his  pupU 
Alexander  among  the  kings  of  the  earth ; — Galen,  with 
like  success,  holds  his  triumph  among  the  physicians  of 
Europe.''  This  comparison  of  Aristotle  to  Alexander 
was  also  taken  hold  of  by  Bacon.  Nor  is  Gilbert  an 
unworthy  precursor  of  Bacon  in  the  view  he  gives  of  the 
History  of  Science,  which  occupies  the  first  three  chap^ 
ters  of  his  Philosophy.  He  traces  this  history  from  « the 
simplicity  and  ignorance  of  the  ancients,"  through  "  the 
fiftbrication  of  the  fable  of  the  four  elements,"  to  Aristotle 

*  Prcf.  -^  De  Magn€U^  lib.  vi.  c.  3,  4. 
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and  Gralen.  He  mentions  with  due  disapproval  the  host 
of  commentators  which  succeeded,  the  alchemists,  the 
"  shipwreck  of  science  in  the  deluge  of  the  Goths,"  and 
the  revival  of  letters  and  genius  in  the  time  of  "  our 
grandfathers."  "  This  later  age,"  he  says,  "  has  exploded 
the  Barbarians,  and  restored  the  Greeks  and  Latins  to 
their  pristine  grace  and  honour.  It  remains,  that  if  they 
have  written  aught  in  error,  this  should  be  i-emedied  by 
better  and  more  productive  processes  {finigifeins  institu- 
tis,)  not  to  be  contemned  for  their  novelty ;  (for  nothing 
which  is  true  is  really  new,  but  is  perfect  from  eternity, 
though  to  weak  man  it  may  be  unknown ;)  and  that  thus 
Philosophy  may  bear  her  fruit."  The  reader  of  Bacon 
will  not  fail  to  recognize,  in  these  references  to  "  fruit- 
bearing"  knowledge,  a  similarity  of  expression  with  the 
Novum  Organon. 

Bacon  does  not  appear  to  me  to  have  done  justice  to 
his  contemporary.  He  nowhere  recognises  in  the  labours 
of  Gilbert  a  community  of  purpose  and  spirit  with  his 
own.  On  the  other  hand,  he  casts  upon  him  a  reflection 
which  he  by  no  means  deserves.  In  the  Advancement  of 
Learning^ J  he  says,  "Another  error  is,  that  men  have 
used  to  infect  their  meditations,  opinions,  and  doctrines, 
with  some  conceits  which  they  have  most  admired,  or 
some  sciences  to  which  they  have  most  applied;  and 
given  all  things  else  a  tincture  according  to  them,  utterly 

untrue  and  unproper So  have  the  alchemists  made  a 

philosophy  out  of  a  few  experiments  of  the  furnace; 
and  Gilbertus,  our  countryman,  hath  made  a  philosophy 
out  of  the  observations  of  a  loadstone,"  (in  the  Latin, 
philosophiam  etiam  e  magneto  elicuit.)  And  in  the  same 
manner  he  mentions  him  in  the  Nomim  Organon  f^  as 
affording  an  example  of  an  empirical  kind  of  philosophy, 
which  appears  to  those  daily  conversant  with  the  experi- 

*  Book  i.  ***  Book  i.  Aphorism  64. 
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ments,  probable^  but  to  other  persons  incredible  and 
empty.  But  instead  of  blaming  Gilbert  for  dlMurbing 
and  narrowing  science  by  a  too  constant  reference  t6 
magnetical  rules,  we  might  rather  Censure  Bacons  for  not 
seeing  how  important  in  all  natural  philosophy  are  thosd 
laws  of  attraction  and  repulsion  of  which  magnetical  phe* 
nomena  are  the  most  obvious  illustration.  We  may  find 
ground  for  such  a  judgment  in  another  passage  in  which 
Bacon  spealcs  of  Gilbert.  In  the  Second  Book*  of  the 
Novum  Organofh  having  classified  motions,  he  gives,  as 
one  kind,  what  he  calls,  in  his  figurative  language,  motion 
for  gaifij  or  motion  of  needy  by  which  a  body  shuns  hete* 
rogeneous,  and  seeks  cognate  bodies.  And  he  adds^ 
**  The  Electrical  Operation,  concerning  which  Gilbert  and 
others  since  him  have  made  up  such  a  wonderful  story, 
is  nothing  else  than  the  appetite  of  a  body,  Which^  e:!tcited 
by  friction*  does  not  well  tolerate  the  air,  and  prefers 
another  tangible  body  if  it  be  found  near.*'  Bacon's 
notion  of  an  appetite  in  the  body  is  certainly  much  less 
philosophical  than  Gilbert's,  who  speaks  of  light  bodies 
as  drawn  towards  amber  by  certain  material  radii  f;  and 
we  might  perhaps  venture  to  say  that  Bacon  here  mani-* 
fests  a  want  of  clear  mechanical  ideas.  Bacon,  too, 
showed  his  inferior  aptitude  for  physical  research  in 
rejecting  the  CopemiCaU  doctrine  which  Gilbert  adopted. 
In  the  Advancement  of  LeafhingX^  suggesting  a  history  of 
the  opinions  of  philosophers,  he  says  that  he  would  have 
inserted  in  it  even  recent  theories,  as  those  of  Paracelsus ; 
of  Telesius,  who  restored  the  philosophy  of  Parmetiides ; 
or  Patricius,  Ivho  resublimed  the  fumes  of  Platonism; 
or  Gilbert,  who  brought  back  the  dogmas  of  Philolaus* 
But  Bacon  quotes  f  with  pleasure  Gilbert's  ridicule  of  the 
Peripatetics'  definition  of  heat.     They  had  said,  that  heat 

*  Vol.  ix.  ia5.  t  De  Magneto,  p.  60. 
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is  that  which  separates  heterogeneous  and  unites  homoge- 
neous matter ;  which,  said  Gilbert,  is  if  any  one  were  to 
define  man  as  that  which  sows  wheat  and  plants  vines. 

Galileo,  another  of  Gilbert's  distinguished  contem- 
poraries, had  a  higher  opinion  of  him.  He  says*,  "I 
extremely  admire  and  envy  this  author.  I  think  him 
worthy  of  the  greatest  praise  for  the  many  new  and  true 
observations  which  he  has  made,  to  the  disgrace  of  so 
many  vain  and  fabling  authors;  who  write,  not  from 
their  own  knowledge  only,  but  repeat  everything  they 
hear  from  the  foolish  and  vulgar,  without  attempting  to 
satisfy  themselves  of  the  same  by  experience;  perhaps 
that  they  may  not  diminish  the  size  of  their  books." 

Galileo. — Galileo  was  content  with  the   active  and 
successful  practice  of  experimental  inquiry ;  and  did  not 
demand  that  such  researches  should  be  made  expressly 
subservient   to  that  wider  and   more   ambitious   philo- 
sophy,  on   which   the  author  of  the  Novum   Ch^ganon 
employed   his  powers.     But   still  it  now  becomes  our 
business  to  trace  those  portions  of  Galileo's  views  which 
have  reference  to   the  theory,  as  well  as  the  practice 
of  scientific  investigation.     On  this  subject,  Galileo  did 
not  think  more  profoundly,  perhaps,  than  several  of  his 
contemporaries;  but  in  the  liveliness  of  expression  and 
illustration  with   which  he   recommended   his   opinions 
on  such  topics,  he  was  unrivalled.     Writing  in  the  lan- 
guage of  the  people,  in  the  attractive  form  of  dialogue, 
with  clearness,  grace,  and  wit,  he   did   far  more  than 
any  of  his  predecessors  had  done  to   render  the  new 
methods,  results,  and  prospects  of  science  familiar  to  a 
wide  circle  of  readers,  first  in  Italy,  and  soon,  all  over 
Europe.     The  principal  points  inculcated  by  him  were 
already  becoming  familiar  to  men  of  active  and  inquiring 
minds ;  such  as» — that  knowledge  was  to  be  sought  from 
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obseryation,  and  not  from  books ; — that  it  was  absurd  to 
adhere  to,  and  debate  about,  the  physical  tenets  of  Aris- 
totle and  the  rest  of  the  ancients.     On  persons  who  fol- 
lowed  this  latter  course,   Gralileo  fixed  the  epithet  of 
Paper  Pliilosophers*;  because,  as  he  wrote  in  a  letter  ,to 
Kepler,  this  sort  of  men  fancied  that  philosophy  was  to 
be  studied  like  the  JEneid  or  Odt/ssee,  and  that  the  true 
reading  of  nature  was  to  be  detected  by  the  collation  of 
texts.      Nothing  so  much  shook  the  authority  of  the 
received  system  of  Physics  as  the  experimental  discove- 
ries,  directly  contradicting  it,  which  Galileo  made.     By 
experiment,  as  I  have  elsewhere  stated  f,  he  disproved 
the   Aristotelian   doctrine    that  bodies   fall   quickly  or 
slowly  in  proportion  to  their  weight.     And  when  he  had 
invented  the  telescope,  a  number  of  new  discoveries  of 
the  most  striking  kind  (the  inequalities  of  the  moon's 
surface,  the  spots  in  the  sun,  the  moon-like  phases  of 
Venus,  the  satellites   of  Jupiter,   the   ring  of  Saturn) 
showed,  by  the  evidence  of  the  eyes,  how  inadequate  were 
the  conceptions,  and  how  erroneous  the  doctrines,  of  the 
ancients    respecting  the  constitution   of   the   universe. 
How  severe  the  blow  was  to  the  disciples  of  the  ancient 
schools,  we  may  judge  by  the  extraordinary  forms  of 
defence  in  which  they  tried  to  intrench  themselves.  They 
would  not  look  through  Galileo's  glasses;   they  main- 
tained that  what  was  seen  was  an  illusion  of  witchcraft ; 
and  they  tried,  as  Galileo  says^,  with  logical  arguments, 
as  if  with  magical  incantations,  to  charm  the  new  planets 
out  of  the  sky.     No  one  could  be  better  fitted  than 
Galileo  for  such  a  warfare.     His  great  knowledge,  clear 
intellect,  gaiety,  and  light  irony,  (with  the  advantage  of 
being  in  the  right,)  enabled  him  to  play  with  his  adver- 
saries  as   he    pleased.      Thus    when    an    Aristotelian^ 
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rejected  the  discovery  of  tho  irregularities  in  the  moon's 
surfoce,  because,  according  to  the  ancient  doctrine,  her 
form  was  a  perfect  sphere,  and  held  that  the  apparent 
cavities  were  filled  with  an  invisible  crystal  substance ; 
Galileo  replied,  that  he  had  no  objection  to  assent  to  this, 
but  that  then  he  should  require  his  adversary  in  returfi 
to  believe  that  there  were  on  the  same  surface  invisible 
crystal  mountains  ten  times  as  high  as  those  visible  ones 
which  he  had  actually  observed  and  measured. 

We  find  in  Galileo  many  thoughts  which  have  since 
become  established  maxims  of  modem  philosophy. 
"  Philosophy,"  he  says*,  "  is  written  in  that  great  book, 
I  mean  the  Universe,  which  is  constantly  open  before  our 
eyes ;  but  it  cannot  be  understood,  except  we  first  know 
the  language  and  learn  the  characters  in  which  it  is 
written."  With  this  thought  he  combines  some  other 
lively  images.  One  of  his  interlocutors  says  concerning 
another,  ^*  Sarsi  perhaps  thinks  that  philosophy  is  a  book 
made  up  of  the  fancies  of  men,  like  the  Iliad  or  Orlando 
Furtosoy  in  which  the  matter  of  least  importance  is,  that 
what  is  written  be  true."  And  again,  with  regard  to  the 
system  of  authority,  he  says,  '^  I  think  I  discover  in  him 
a  firm  belief  that,  in  philosophizing,  it  is  necessary  to 
lean  upon  the  opinion  of  some  celebrated  author ;  as  if 
our  mind  must  necessarily  remain  unfruitful  and  barren 
till  it  be  married  to  another  man's  reason." — **  No,"  he 
says,  ^^  the  case  is  not  so.-— When  we  have  the  decrees  of 
Nature,  authority  goes  for  nothing;  reason  is  absolutef.*' 

In  the  course  of  Galileo's  controversies,  questions  of 
the  logic  of  science  came  under  discussion.  Vincenzio 
di  Grazia  objected  to  a  proof  from  induction  which 
Galileo  adduced,  because  dll  the  particulars  were  not 
enumerated;  to  which  the  latter  justly  replies  I,  that  if 
induction  were  required  to  pass  through  all  the  cases,  it 
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would  be  either  useless  or  impossible  ^^mpossible  when 
the  cases  are  innumerable ;  useless  when  they  have  each 
already  been  verified,  since  then  the  general  proposition 
adds  nothing  to  our  knowledge. 

One  of  the  most  novel  of  the  characters  which  Science 
assumes  in  Galileo's  hands  is,  that  she  becomes  cautious. 
She  not  only  proceeds  leaning  upon  Experience,  but  she 
is  content  to  proceed  a  little  way  at  a  time.  She  already 
begins  to  perceive  that  she  must  rise  to  the  heights  of 
knowledge  by  many  small  and  separate  steps*  The  phi- 
losopher is  desirous  to  know  much,  but  resigned  to  be 
ignorant  for  a  time  of  that  which  cannot  yet  be  known. 
Thus  when  Galileo  discovered  the  true  law  of  the  motion 
of  a  falling  body*,  that  the  velocity  increases  proportion- 
ally to  the  time  irom  the  beginning  of  the  hUf  he  did  not 
insist  upon  immediately  assigning  the  cause  of  this  law. 
*^  The  cause  of  the  acceleration  of  the  motions  of  falling 
bodies  is  not,"  he  says,  **  a  necessary  part  of  the  investi- 
gation." Yet  the  conception  of  this  acceleration,  as  the 
result  of  the  continued  action  of  the  force  of  gravity  upon 
the  falling  body,  could  hardly  fieiil  to  suggest  itself  to  one 
who  had  formed  the  idea  of  force.  In  like  manner,  the 
truth  that  the  velocities,  acquired  by  bodies  falling  down 
planes  of  equal  heights,  are  all  equal,  was  known  to 
Galileo  and  bis  disciples,  long  before  he  accounted  for 
itf,  by  the  principle,  apparently  so  obvious,  that  the 
momentum  generated  is  as  the  moving  force  which 
generates  it.  He  was  not  tempted  to  rush  at  once,  firom 
an  experimental  truth  to  a  universal  system.  Science 
had  learnt  that  she  must  move  step  by  step ;  and  the 
gravity  of  her  pace  already  indicated  her  approaching 
maturity  and  her  consciousness  of  the  long  path  which 
lay  before  her. 

But  besides  the  genuine  philosophical  prudence  which 

•  Hist.  Ind.  Set.,  ii.  SO.  t  lb.,  ii.  49. 
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thus  witheld  Gkilileo  from  leaping  hastily  from  one  infer- 
ence to  another,  he  had  perhaps  a  preponderating  incli- 
nation towards  fiEicts ;  and  did  not  feel,  so  much  as  some 
other  persons  of  his  time»  the  need  of  reducing  them  to 
ideas.  He  could  bear  to  contemplate  laws  of  motion 
without  being  urged  by  an  uncontrollable  desire  to  refer 
them  to  conceptions  of  force. 

Kepler. — In  this  respect  his  friend  Kepler  differed 
from  him ;  far  Kepler  was  restless  and  unsatisfied  till  he 
had  reduced  facts  to  laws,  and  laws  to  causes ;  and  never 
acquiesced  in  ignorance,  though  he  tested  with  the  most 
rigorous  scrutiny  that  which  presented  itself  in  the  shape 
of  knowledge  to  fill  the  void.  It  may  be  seen  in  the 
History  of  Astronomy*  with  what  perseverance,  energy, 
and  fertility  of  invention,  Kepler  pursued  his  labours, 
(enlivened  and  relieved  by  the  most  curious  freaks  of 
fimcy,)  with  a  view  of  discovering  the  rules  which  regulate 
the  motions  of  the  planet  Mars.  He  represents  this 
employment  under  the  image  of  a  war&re ;  and  describes  f 
his  object  to  be  ^^  to  triumph  over  Mars,  and  to  prepare 
for  him,  as  for  one  altogether  vanquished,  tabular  prisons 
and  equated  eccentric  fetters ;"  and  when  **  the  enemy, 
left  at  home  a  despised  captive,  had  burst  all  the  chains 
of  the  equations,  and  broken  forth  of  the  prisons  of  the 
tables  ;"• — ^when  ^^  it  was  buxyed  here  and  there  that  thd 
victory  is  vain,  and  that  the  war  is  raging  anew  as  vio* 
lently  as  before  ;'-«—tiiat  is,  when  the  rules  which  he  had 
proposed  did  not  coincide  with  the  facts ;— *be  by  no  means 
delisted  from  bis  attempts,  but  ^^  suddenly  sent  into  the 
field  a  reserve  of  new  physical  reasonings  on  the  rout 
and  dispersion  of  the  veterans,"  that  is,  tried  new  suppo- 
sitions suggested  by  such  views  as  he  then  entertained  of 
the  celestial  motions.     His  efforts  to  obtain  the  formal 

*  HUt.  Ind.  Set.,  i.,  426. 
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laws  of  the  planetary  motions  resulted  in  some  of-  the 
most  important  discoveries  ever  made  in  astronomy;  and 
if  his  physical  reasonings  were  for  the  time  firuitleas,  this 
arose  only  from  the  want  of  that  discipline  in  mechanical 
ideas  which  the  minds  of  mathematicians  had  still  to 
undergo;  for  the  great  discoveries  of  Newton  in  the 
next  genemtion  showed  that»  in  reality,  the  next  step  of 
the  advance  was  in  this  direction.  Among  all  Kepler's 
fantastical  expressions,  the  fundamental  thoughts  were 
sound  and  true;  namely,  that  it  was  his  business^  as  a 
physical  investigator,  to  discover  a  mathematical  rule 
which  governed  and  included  all  the  special  &cts ;  and 
that  the  rules  of  the  motions  of  the  planets  mtist  conform 
to  some  conception  of  causation. 

The  same  characteristics, — ^the  conviction  of  rule  and 
cause,  perseverance  in  seeking  these,  inventiveness  in 
devising  hypotheses,  love  of  truth  in  trying  and  rejecting 
them,  and  a  lively  Fancy  playing  with  the  Reason  without 
interrupting  her, — appear  also  in  his  work  on  Optics ;  in 
which  he  tried  to  discover  the  exact  law  of  optical  refrac- 
tion*. In  this  undertaking  he  did  not  succeed  entirely ; 
nor  does  he  profess  to  have  done  so.  He  ends  his  nume* 
reus  attempts  by  saying,  "  Now,  reader,  you  and  I  have 
been  detained  sufficiently  long  while  I  have  been  attempt- 
ing to  coUect  into  one  fagot  the  measures  of  different 
refractions.** 

In  this  and  in  other  expressions,  we  see  how  clearly 
he  apprehended  that  colligation  of  facts  which  is  the  main 
business  of  the  practical  discoverer.  And  by  his  peculiar 
endowments  and  habits,  Kepler  exhibits  an  essential  por- 
tion of  this  process,  which  hardly  appears  at  all  in  Galileo. 
In  order  to  bind  together  facts,  theory  is  requisite  as  well 
as  observation, — the  cord  as  well  as  the  fagots.  And  the 
true  theory  is  often,  if  not  always,  obtained  by  trying 
♦  Published  1604.    Hut.  Ind.  &i.,  ii.  346. 


PRACTICAL  REFORMERS  OF  SCIENCE.  385 

several  and  selecting  the  right.  Now  of  this  portion  of 
the  discoverer's  exertions  Kepler  is  a  most  conspicuous 
example.  His  fertility  in  devising  suppositions,  his 
undaunted  industry  in  calculating  the  results  of  them, 
his  entire  honesty  and  candour  in  resigning  them  if  these 
results  disagreed  with  the  facts,  are  a  very  instructive 
spectacle;  and  are  fortunately  exhibited  to  us  in  the 
most  lively  manner  in  his  own  garrulous  narratives. 
Gralileo  urged  men  by  precept  as  well  as  example  to  begin 
their  philosophy  from  observation ;  Kepler  taught  them 
by  his  practice  that  they  must  proceed  from  observation 
by  means  of  hypotheses.  The  one  insisted  upon  facts ; 
the  other  dealt  no  less  copiously  with  ideas.  In  the  prac- 
tical, as  in  the  speculative  portion  of  our  history,  this 
antithesis  shows  itself;  although  in  the  practical  part  we 
cannot  have  the  two  elements  separated,  as  in  the  specu- 
lative we  sometimes  have. 

In  the  History  of  Science*,  I  have  devoted  several 
pages  to  the  intellectual  character  of  Kepler,  inasmuch 
as  his  habit  of  devising  so  great  a  multitude  of  hypotheses, 
so  fancifully  expressed,  had  led  some  writers  to  look  upon 
him  as  an  inquirer  who  transgressed  the  most  fixed  rules 
of  philosophical  inquiry.  This  opinion  has  arisen,  I 
conceive,  among  those  who  have  forgotten  the  necessity 
of  Ideas  as  well  as  Facts  for  all  theory;  or  who  have 
overlooked  the  impossibility  of  selecting  and  explicating 
our  ideas  without  a  good  deal  of  spontaneous  play  of  the 
mind.  It  must,  however,  always  be  recollected  that 
Kepler's  genius  and  fancy  derived  all  their  scientific  value 
from  his  genuine  and  unmingled  love  of  truth.  These 
qualities  appeared,  not  only  in  the  judgment  he  passed 
upon  hypotheses,  but  also  in  matters  which  more  imme- 
diately concerned  his  reputation.  Thus  when  Galileo's 
discovery   of  the  telescope  disproved   several   opinions 

♦  HUt.  Ind.  ScL,  1 410. 
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which  Kepler  had  published  and  strenuously  maintained, 
he  did  not  hesitate  a  moment  to  retract  his  assertions 
and  range  himself  by  the  side  of  Galileo,  whom  he  vigo- 
rously supported  in  his  warfare  against  those  who  were 
incapable  of  thus  cheerfully  acknowledging  the  triumph 
of  new  facts  over  their  old  theories. 

Tyclu).  —  There  remains  one  eminent  astronomer, 
the  friend  and  fellow-labourer  of  Kepler,  whom  we  must 
not  separate  from  him  as  one  of  the  practical  reformers 
of  science.  I  speak  of  Tycho  Brahe,  who  is,  I  think,  not 
justly  appreciated  by  the  literary  world  in  general,  in 
consequence  of  his  having  made  a  retrograde  step  in  that 
portion  of  astronomical  theory  which  is  most  familiar  to 
the  popular  mind.  Though  he  adopted  the  Copemican 
view  of  the  motion  of  the  planets  about  the  sun,  he 
refused  to  acknowledge  the  annual  and  diurnal  motion  of 
the  earth.  But  notwithstanding  this  mistake,  into  which 
he  was  led  by  his  interpretation  of  Scripture  rather  than 
of  nature,  Tycho  must  ever  be  one  of  the  greatest  names 
in  astronomy.  In  the  philosophy  of  science  also,  the 
influence  of  what  he  did  is  far  from  inconsiderable ;  and 
especially  its  value  in  bringing  into  notice  these  two 
points : — that  not  only  are  observations  the  beginning  of 
science,  but  that  the  progress  of  science  may  often  depend 
upon  the  observer's  pursuing  his  task  regularly  and  care- 
fully for  along  time,  and  with  well  devised  instruments; 
and  again,  that  observed  facts  offer  a  succession  of  laws 
which  we  discover  as  our  observations  become  better,  and  as 
our  theories  are  better  adapted  to  the  observations.  With 
regard  to  the  former  point,  Tycho's  observatory  was  hx 
superior  to  all  that  had  preceded  it*,  not  only  in  the 
optical,  but  in  the  mechanical  arrangements ;  a  matter  of 
almost  equal  consequence.  And  hence  it  was  that  his 
observations  inspired  in  Kepler  that  confidence  which  led 
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him  to  all  his  labours  and  all  his  discoveries.  "  Since," 
he  says*,  "  the  divine  goodness  has  given  us  in  Tycho 
Brahe  an  exact  observer,  from  whose  observations  this 
error  of  eight  minutes  in  the  calculations  of  the  Ptole- 
maic hypothesis  is  detected,  let  us  acknowledge  and  make 
use  of  this  gift  of  God :  and  since  this  error  cannot  be 
neglected,  these  eight  minutes  alone  have  prepared  the 
way  for  an  entire  reform  of  Astronomy,  and  are  to  be  the 
main  subject  of  this  work." 

With  regard  to  Tycho's  discoveries  respecting  the 
moon,  it  is  to  be  recollected  that  besides  the  first  inequa- 
lity of  the  moon's  motion,  (the  equation  of  the  centre^ 
arising  from  the  elliptical  form  of  her  orbit,)  Ptolemy 
had  discovered  a  second  inequality,  the  evectiouj  which, 
as  we  have  observed  in  the  History  of  this  subjectf, 
might  have  naturally  suggested  the  suspicion  that  there 
were  still  other  inequalities.  In  the  middle  ages,  how- 
ever, such  suggestions,  implying  a  constant  progress  in 
science,  were  little  attended  to ;  and,  we  have  seen,  that 
when  an  Arabian  astronomer:}:  had  really  discovered 
another  inequality  of  the  moon,  it  was  soon  forgotten, 
because  it  had  no  place  in  the  established  systems.  Tycho 
not  only  rediscovered  the  lunar  inequality,  (the  variation^) 
thus  once  before  won  and  lost,  but  also  two  other  in- 
equalities ;  namely  ^,  the  change  of  inclination  of  the  moon's 
orbit  as  the  line  of  nodes  moves  round,  and  an  inequality 
in  the  motion  of  the  line  of  nodes.  Thus,  as  I  have  else- 
where said,  it  appeared  that  the  disicovery  of  a  rule  is  a 
step  to  the  discovery  of  deviations  from  that  rule,  which 
require  to  be  expressed  in  other  rules.  It  became  mani- 
fest to  astronomers,  and  through  them  to  all  philosophers, 
that  in  the  application  of  ^theory  to  observation,  we  find, 
not  only  the  stated  phenomena,  for  which  the  theory  does 
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account,  but  also  residual  pJtowtnenOy  which  are  unac- 
counted for,  and  remain  over  and  above  the  calculation. 
And  it  was  seen  further,  that  these  residual  phenomena 
might  be,  altogether  or  in  part,  exhausted  by  new  theories. 
These  were  valuable  lessons ;  and  the  more  valuable 
inasmuch  as  men  were  now  trying  to  lay  down  maxims 
and  methods  for  the  conduct  of  science.  A  revolution 
was  not  only  at  hand,  but  had  really  taken  place,  in  the 
great  body  of  real  cultivators  of  science.  The  occasion 
now  required  that  this  revolution  should  be  formally 
recognized ; — that  the  new  intellectual  power  should  be 
clothed  with  the  forms  of  government ; — that  the  new 
philosophical  republic  should  be  acknowledged  as  a  sister 
state  by  the  ancient  dynasties  of  Aristotle  and  Plato. 
There  was  needed  some  great  Theoretical  Reformer,  to 
speak  in  the  name  of  the  Experimental  Philosophy ;  to 
lay  before  the  world  a  declaration  of  its  rights  and  a 
scheme  of  its  laws.  And  thus  our  eyes  are  turned  to 
Francis  Bacon,  and  others  who  like  him  attempted  this 
great  office.  We  quit  those  august  and  venerable  names 
of  discoverers,  whose  appearance  was  the  prelude  and 
announcement  of  the  new  state  of  things  then  opening ; 
and  in  doing  so,  we  may  apply  to  them  the  language 
which  Bacon  applies  to  himself* : — 

Xaip€T€  KripvKfS  Ai^f  ^fyyrXot  ffi€  koi  avdp&y. 

Hail  Heralds,  Messengers  of  Gods  and  Men ! 


Chapter  XI. 
FRANCIS  BACON. 


1.  It  is  a  matter  of  some  difficulty  to  speak  of  the 
character  and  merits  of  this  illustrious  man,  as  regards 
his  place  in  that  philosophical  history  with  which  we  are 

♦  De  Augm,^  lib.  iv.  c.  1. 
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here  engaged.  If  we  were  to  content  ourselves  with 
estimating  him  according  to  the  office  which,  as  we  have 
just  seen,  he  claims  for  himself*,  as  merely  the  harbinger 
and  announcer  of  a  sounder  method  of  scientific  inquiry 
than  that  which  was  recognized  before  him,  the  task 
would  be  comparatively  easy.  For  we  might  select  from 
his  writings  those  passages  in  which  he  has  delivered 
opinions  and  pointed  out  processes,  then  novel  and 
strange,  but  since  confirmed  by  the  experience  of  actual 
discoverers,  and  by  the  judgments  of  the  wisest  of  suc- 
ceeding philosophers;  and  we  might  pass  by,  without 
disrespect,  but  without  notice,  maxims  and  proposals  which 
have  not  been  found  available  for  use ; — views  so  indistinct 
and  vague,  that  we  are  even  yet  unable  to  pronounce 
upon  their  justice ; — and  boundless  anticipations,  dictated 
by  the  sanguine  hopes  of  a  noble  and  comprehensive 
intellect.  But  if  we  thus  reduce  the  philosophy  of  Bacon 
to  that  portion  which  the  subsequent  progress  of  science 
has  rigorously  verified,  we  shall  have  to  pass  over  many 
of  those  declarations  which  have  excited  most  notice  in 
his  writings,  and  shall  lose  sight  of  many  of  those  striking 
thoughts  which  his  admirers  most  love  to  dwell  upon. 
For  he  is  usually  spoken  of,  at  least  in  this  country,  as  a 
teacher  who  not  only  commenced,  but  in  a  great  measure 
completed,  the  Philosophy  of  Induction.  He  is  con- 
sidered, not  only  as  having  asserted  some  general  prin- 
ciples, but  laid  down  the  special  rules  of  scientific  investi- 
gation ;  as  not  only  one  of  the  Founders,  but  the  supreme 
Legislator  of  the  modern  Republic  of  Science ;  not  only 
the  Hercules  who  slew  the  monsters  that  obstructed  the 
earlier  traveller,  but  the  Solon  who  established  a  consti- 
tution fitted  for  all  future  time. 

2.  Nor  is  it  our  purpose  to  deny  that  of  such  praise 

*  And  in  other  passages :  thus,  '<Ego  enim  buccinator  tantum  pugnam 
non  ineo.*    Nw,  Org.  lib.  iv.  c.  1. 
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he  deserves  a  share  which,  considering  the  period  at  which 
he  lived,  is  truly  astonishing.  But  it  is  necessary  for  us 
in  this  place  to  discriminate  and  select  that  portion  of  his 
system  which^  bearing  upon  physical  science,  has  since 
been  confirmed  by  the  actual  history  of  science.  Many 
of  Bacon's  most  impressive  and  captivating  passages  con- 
template the  extension  of  the  new  methods  of  discovering 
truth  to  intellectual,  to  moral,  to  political,  as  well  as  to 
physical  science.  And  how  far,  and  how,  the  advantages 
of  the  inductive  method  may  be  secured  for  those  im- 
portant branches  of  speculation,  it  will  at  some  future 
time  be  a  highly  interesting  task  to  examine.  But  our 
plan  requires  us  at  present  to  omit  the  consideration  of 
these ;  for  our  purpose  is  to  learn  what  the  genuine 
course  of  the  formation  of  science  is,  by  tracing  it  in 
those  portions  of  human  knowledge,  which,  by  the  con- 
fession of  all,  are  most  exact,  most  certain,  most  complete. 
Hence  we  must  here  deny  ourselves  the  dignity  and  inte- 
rest which  float  about  all  Speculations  in  which  the  great 
moral  and  political  concerns  of  men  are  involved.  It 
cannot  be  doubted  that  the  commanding  position  which 
Bacon  occupies  in  men's  estimation  arises  from  his  pro- 
claiming a  reform  in  philosophy  of  so  comprehensive  a 
nature ; — a  reform  which  was  to  infuse  a  new  Spirit  into 
every  part  of  knowledge.  Physical  Science  has  tranquilly 
and  noiselessly  adopted  many  of  his  suggestions ;  which 
were,  indeed,  her  own  natural  impulses,  not  borrowed  from 
him  ;  and  she  is  too  deeply  and  satisfactorily  absorbed  in 
contemplating  her  results,  to  talk  much  about  the  methods 
of  obtaining  them  which  she  has  thus  instinctively  pur- 
sued. But  the  philosophy  which  deals  with  mind,  with 
manners,  with  morals,  with  polity,  is  conscious  still  of 
much  obscurity  and  perplexity;  and  would  gladly  borrow 
aid  from  a  system  in  which  aid  is  so  confidently  promised. 
The  aphorisms  and  phrases  of  the  Novum  Organon  are 
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far  more  frequently  quoted  by  metaphysical,  ethical,  and 
even  theological  writers,  than  they  are  by  the  authors  of 
works  on  physics. 

3.  Again,  even  as  regards  physics.  Bacon's  fame  rests 
upon  something  besides  the  novelty  of  the  maxims  which 
he  promulgated.  That  a  revolution  in  the  method  of 
scientific  research  was  going  on,  all  the  greatest  physical 
investigators  of  the  sixteenth  century  were  fully  aware, 
as  we  have  shown  in  the  last  chapter.  But  their  writings 
conveyed  this  conviction  to  the  public  at  large  somewhat 
slowly.  Men  of  letters,  men  of  the  world,  men  of  rank, 
did  not  become  familiar  with  the  abstruse  works  in 
which  these  views  were  published ;  and  above  all,  they 
did  not,  by  such  occasional  glimpses  as  they  took  of  the 
state  of  physical  science,  become  aware  of  the  magnitude 
and  consequences  of  this  change.  But  Bacon's  lofty 
eloquence,  wide  learning,  comprehensive  views,  bold  pic- 
tures of  the  coming  state  of  things,  were  fitted  to  make 
men  turn  a  far  more  general  and  earnest  gaze  upon  the 
passing  change.  When  a  man  of  his  acquirements,  of 
his  talents,  of  his  rank  and  position,  of  his  gravity  and 
caution,  poured  forth  the  strongest  and  loftiest  expres- 
sions and  images  which  his  mind  could  supply,  in  order 
to  depict  the  "  Great  Instauration"  which  he  announced ; 
—in  order  to  contrast  the  weakness,  the  blindness,  the 
ignorance,  the  wretchedness,  under  which  men  had  lap- 
boured  while  they  followed  the  long  beaten  track,  with 
the  light,  the  power,  the  privileges,  which  they  were  to 
find  in  the  paths  to  which  he  pointed ; — it  was  impossible 
that  readers  of  all  classes  should  not  have  their  attention 
arrestied,  their  minds  stirred,  their  hopes  warmed ;  and 
should  not  listen  vnth  wonder  and  with  pleasure  to  the 
strains  of  prophetic  eloquence  in  which  so  great  a  subject 
was  presented.  And  when  it  was  found  that  the  prophecy 
was  verified ;  when  it  appeared  that  an  immense  change 
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in  the  methods  of  scientific  research  really  had  occurred ; 
— ^that  vast  additions  to  man's  knowledge  and  power  had 
been  acquired,  in  modes  like  those  which  had  been  spoken 
of; — ^that  further  advances  might  be  constantly  looked 
for ; — and  that  a  progress,  seemingly  boundless,  was  going 
on  in  the  direction  in  which  the  seer  had  thus  pointed ; 
— it  was  natural  that  men  should  hail  him  as  the  leader 
of  the  revolution ;  that  they  should  identify  him  with  the 
event  which  he  was  the  first  to  announce ;  that  they  should 
look  upon  him  as  the  author  of  that  which  he  had,  as  they 
perceived,  so  soon  and  so  thoroughly  comprehended. 

4.  For  we  must  remark,  that  although  (as  we  have 
seen)  he  was  not  the  only,  nor  the  earliest  writer,  who 
declared  that  the  time  was  come  for  such  a  change,  he 
not  only  proclaimed  it  more  emphatically,  but  understood 
it,  in  its  general  character,  much  more  exactly,  than  any 
of  bis  contemporaries.  Among  the  maxims,  suggestions 
and  anticipations  which  he  threw  out,  there  were  many 
of  which  the  wisdom  and  the  novelty  were  alike  striking 
to  his  immediate  successors; — ^there  are  many  which 
even  now,  from  time  to  time,  we  find  fresh  reason  to 
admire,  for  their  acuteness  and  justice.  Bacon  stands 
far  above  the  herd  of  loose  and  visionary  speculators  who, 
before  and  about  his  time,  spoke  of  the  establishment  of 
new  philosophies.  If  we  must  select  some  one  philoso- 
pher as  the  Hero  of  the  revolution  in  scientific  method, 
beyond  all  doubt  Francis  Bacon  must  occupy  the  place 
of  honour. 

We  shall,  however,  no  longer  dwell  upon  these  general 
considerations,  but  shall  proceed  to  notice  some  of  the 
more  peculiar  and  characteristic  features  of  Bacon's  phi- 
losophy ;  and  especially  those  views,  which,  occurring  for 
the  first  time  in  his  writings,  have  been  fully  illustrated 
and  confirmed  by  the  subsequent  progress  of  science,  and 
have  become  a  portion  of  the  permanent  philosophy  of 
our  times. 
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5.  (I.)  The  first  great  feature  which  strikes  us  in 
Bacon's  philosopltical  views  is  that  which  we  have  already 
noticed; — ^his  confident  and  emphatic  announcement  of 
a  New  Era  in  the  progress  of  science,  compared  with 
which  the  advances  of  former  times  were  poor  and 
trifling.  This  was  with  Bacon  no  loose  and  shallow 
opinion,  taken  up  on  light  grounds  and  involving  only 
vague  general  notions.  He  had  satisfied  himself  of  the 
justice  of  such  a  view  by  a  laborious  course  of  research 
and  reflection.  In  1605,  at  the  age  of  twenty-eight,  he 
published  his  Treatise  of  the  Advancement  of  Learning^  in 
which  he  takes  a  comprehensive  and  spirited  survey  of 
the  condition  of  all  branches  of  knowledge  which  had 
been  cultivated  up  to  that  time.  This  work  was  com- 
posed with  a  view  to  that  reform  of  the  existing  philo- 
sophy which  Bacon  always  had  before  his  eyes ;  and  in 
the  Latin  edition  of  his  works,  forms  the  First  Part  of 
the  Instauratio  Magna.  In  the  Second  Part  of  the 
Instauratio,  the  Novum  Organony  published  in  1620,  he 
more  explicitly  and  confidently  states  his  expectations  on 
this  subject.  He  points  out  how  slightly  and  feebly  the 
examination  of  nature  had  been  pursued  up  to  his  time, 
and  with  what  scanty  fruit.  He  notes  the  indications  of 
this  in  the  very  limited  knowledge  of  the  Greeks  who 
had  till  then  been  the  teachers  of  Europe,  in  the  com- 
plaints of  authors  concerning  the  subtility  and  obscurity 
of  the  secrets  of  nature,  in  the  dissensions  of  sects,  in  the 
absence  of  useful  inventions  resulting  from  theory,  in  the 
fixed  form  whicli  the  sciences  had  retained  for  two  thou- 
sand years.  Nor,  he  adds*,  is  this  wonderful ;  for  how 
little  of  his  thought  and  labour  has  man  bestowed  upon 
science!  Out  of  twenty-five  centuries  scarce  six  have 
been  favourable  to  the  progress  of  knowledge.  And  even 
in  those  favoured  times,  natural  philosophy  received  the 

*  Lib.  i.  Aphor.  7B  ei  #07. 
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smallest  share  of  man's  attention ;  while  the  portion  so 
given  was  marred  by  controversy  and  dogmatism;  and  even 
those  who  have  bestowed  a  little  thought  upoli  this  philo- 
sophy, have  never  made  it  their  main  study,  but  have  used 
it  as  a  passage  or  drawbridge  to  serve  other  objects.  And 
thus,  he  says,  the  great  Mother  of  the  Sciences  is  thrust 
down  with  indignity  to  the  offices  of  a  handmaid ;  is 
made  to  minister  to  the  labours  of  medicine  or  mathemar 
tics,  or  to  give  the  first  preparatory  tinge  to  the  immature 
minds  of  youth.  From  these  and  similar  considerations 
of  the  errors  of  past  time,  he  draws  hope  for  the  future, 
employing  the  same  argument  which  Demosthenes  uses 
to  the  Athenians.  "  That  which  is  worst  in  the  events 
of  the  past,  is  the  best  as  a  ground  of  trust  in  the  future. 
For  if  you  had  done  all  that  became  you,  and  still  liad 
been  in  this  condition,  your  case  might  be  desperate ;  but 
since  your  fiiilure  is  the  result  of  your  own  mistakes, 
there  is  good  hope  that^  correcting  the  error  of  your 
course,  you  may  reach  a  prosperity  yet  unknown  to 
you.'' 

6.  (II.)  All  Bacon's  hope  of  improvement  indeed  was 
placed  in  an  entire  change  of  the  Method  by  which  science 
was  pursued ;  and .  the  boldness,  and  at  the  same  time, 
(the  then  existing  state  of  science  being  considered)  the 
definiteness  of  his  views  of  the  change  that  was  requisite 
are  truly  remarkable. 

That  all  knowledge  must  begin  with  observation,  is 
one  great  principle  of  Bacon's  philosophy ;  but  I  hardly 
think  it  necessary  to  notice  the  inculcation  of  this  maxim 
as  one  of  his  main  services  to  the  cause  of  sound  know- 
ledge, since  it  had,  as  we  have  seen,  been  fully  insisted 
upon  by  others  before  him,  and  was  growing  rapidly  into 
general  acceptance  without  his  aid.  But  if  he  was  not 
the  first  to  tell  men  that  they  must  collect  their  know- 
ledge from  observation,  he  had  no  rival  in  his  peculiar 
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office  of  teacbihg  them  how  science  must  thus  be  gathered 
from  experience. 

It  appears  to  me  that  hj  far  the  most  extraordinary 
parts  of  Bacon's  works  are  those  in  which,  with  extreme 
earnestness  and  clearness,  he  insists  upon  a  gradtutted  and 
successive  inductiorif  as  opposed  to  a  hasty  transit  from 
special  facts  to  the  highest  generalizations.  The  nine* 
teenth  Axiom  of  the  First  Book  of  the  Novum  Organon 
contains  a  view  of  the  nature  of  true  science  most  exact 
and  profound ;  and,  so  far  as  I  am  aware,  at  the  time 
perfectly  new.  "  There  are  two  ways,  and  can  only  be 
two,  of  seeking  and  finding  truth.  The  one,  from  sense 
and  particulars,  takes  a  flight  to  the  most  general  axioms, 
and  from  those  principles  and  their  truth,  settled  once  for 
all,  invents  and  judges  of  intermediate  axioms.  The 
other  method  collects  axioms  from  sense  and  particulars, 
ascending  continuously/  and  hy  degrees^  so  that  in  the  end 
it  arrives  at  the  most  general  axioms ;  this  latter  way  is 
the  true  one,  but  hitherto  untried." 

It  is  to  be  remarked,  that  in  this  passage  Bacon  em- 
ploys the  term  axioms  to  express  any  propositions  collected 
from  facts  by  induction,  and  thus  fitted  to  become  the 
starting-point  of  deductive  reasonings.  How  far  propo- 
sitions so  obtained  may  approach  to  the  character  of 
axioms  in  the  more  rigorous  sense  of  the  term,  we  have 
already  in  some  measure  examined ;  but  that  question  does 
not  here  immediately  concern  us.  The  truly  remarkable 
circumstance  is  to  find  this  recommendation  of  a  con- 
tinuous advance  from  observation,  by  limited  steps,  tlirough 
successive  gradations  of  generality,  given  at  a  time  M'hen 
speculative  men  in  general  had  only  just  begun  to  perceive 
that  they  must  begin  their  course  from  experience  in 
some  way  or  other.  How  exactly  this  description  repre- 
sents the  general  structure  of  the  soundest  and  most 
comprehensive  physical  theories,  all  persons  who  have 
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studied  the  progress  of  science  up  to  modem  times  can 
bear  testimony;  but  perhaps  this  structure  of  science 
cannot  in  any  other  way  be  made  so  apparent  as  by  those 
Tables  of  successive  generalizations  in  which  we  have  exhi- 
bited the  history  and  constitution  of  some  of  the  principal 
physical  sciences,  in  the  Chapter  of  the  preceding  Book 
which  treats  of  the  Logic  of  Induction.  And  the  view 
which  Bacon  thus  took  of  the  true  progress  of  science 
was  not  only  new,  but,  so  fiir  as  I  am  aware,  has  never 
been  adequately  illustrated  up  to  the  present  day. 

7.  It  is  true,  as  I  observed  in  the  last  Chapter,  that 
Galileo  had  been  led  to  see  the  necessity,  not  only  of 
proceeding  from  experience  in  the  pursuit  of  knowledge, 
but  of  proceeding  cautiously  and  gradually;  and  he  had 
exemplified  this  rule  more  than  once,  when,  having  made 
one  step  in  discovery,  he  held  back  his  foot,  for  a  time, 
from  the  next  step,  however  tempting.  But  Galileo  had 
not  reached  this  wide  and  commanding  view  of  the  suc- 
cessive subordination  of  many  steps,  all  leading  up  at 
last  to  some  wide  and  simple  general  truth.  In  catching 
sight  of  this  principle,  and  in  ascribing  to  it  its  due 
importance,  Bacon's  sagacity,  so  far  as  I  am  aware,  wrought 
unassisted  and  unrivalled. 

8.  Nor  is  there  any  wavering  or  vagueness  in  Bacon's 
assertion  of  this  important  truth.  He  repeats  it  over  and 
over  again ;  illustrates  it  by  a  great  number  of  the  most 
lively  metaphors  and  emphatic  expressions.  Thus  he 
speaks  of  the  successive  floors  {t(dndata)  of  induction; 
and  speaks  of  each  science  as  a  pyramid*  which  has  obser- 
vation and  experience  for  its  basis.    No  images  can  better 

•  Au^.  Sc.^  lib.  iii.  c.  4.  p.  194.  So  in  other  places,  as  Nov.  Org,^ 
i.  Apliurisin  104.  '^  De  scientiis  turn  denium  bene  sperandum  est  quaa- 
do  per  scalam  veram  et  per  gradus  continues,  ct  non  intermissos  aut 
hiulcos  a  particularibus  asccndetur  ad  axiomata  minora,  et  deinde  ad 
media,  alia  aliis  supcriora,  et  postrcmo  demum  ad  generalissima." 
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exhibit  the  relation  of  general  and  particular  truths,  as 
our  own  Inductive  Tables  may  serve  to  show. 

9.  (III.)  Again ;  not  less  remarkable  is  his  contrasting 
this  true  Method  of  Science  (while  it  was  almost,  as  he 
says,  yet  untried)  with  the  ancient  and  vicious  Method^ 
which  began,  indeed,  with  facts  of  observation,  but  rushed 
at  once,  and  with  no  gradations,  to  the  most  general 
principles.  For  this  was  the  course  which  had  been 
actually  followed  by  all  those  speculative  reformers  who 
had  talked  so  loudly  of  the  necessity  of  beginning  our 
philosophy  from  experience.  All  these  men,  if  they 
attempted  to  frame  physical  doctrines  at  all,  had  caught 
up  a  few  facts  of  observation,  and  had  erected  a  universal 
theory  upon  the  suggestions  which  these  offered.  This 
process  of  illicit  generalization,  or,  as  Bacon  terms  it, 
Anticipation  of  Nature  {anticipatio  natural)^  in  opposition 
to  the  Interpretation  of  Nature,  he  depicts  with  singular 
acuteness,  in  its  character  and  causes.  "  These  two  ways," 
he  says  f ,  *^  both  begin  from  sense  and  particulars ;  but 
their  discrepancy  is  immense.  The  one  merely  skims 
over  experience  and  particulars  in  a  cursory  transit ;  the 
other  deals  with  them  in  a  due  and  orderly  manner.  The 
one,  at  its  very  outset,  frames  certain  general  abstract 
principles,  but  useless ;  the  other  gradually  rises  to  those 
principles  which  have  a  real  existence  in  nature." 

"The  former  path,"  he  addst,  "that  of  illicit  and 
hasty  generalization,  is  one  which  the  intellect  follows 
when  abandoned  to  its  own  impulse;  and  this  it  does 
from  the  requisitions  of  logic.  For  the  mind  has  a  yearn- 
ing which  makes  it  dart  forth  to  generalities,  that  it  may 
have  something  to  rest  in ;  and  after  a  little  dallying  with 
experience,  becomes  weary  of  it ;  and  all  these  evils  are 
augmented  by  logic,  which  requires  these  generalities  to 
make  a  show  with  in  its  disputations." 

t  N&t.  Org.,  i.  Aph,  22.  lb.,  Aph.  20. 
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"  In  a  sober,  patient,  grave  intellect,**  he  fiirtlier  adds; 
"  the  mind,  by  its  own  impulse,  (and  more  especially  if 
it  be  not  impeded  by  the  sway  of  established  opinions) 
attempts  in  some  measure  that  other  and  true  way,  of 
gradual  generalization ;  but  this  it  does  with  small  profit; 
for  the  intellect,  except  it  be  regulated  and  aided,  is  a 
faculty  of  unequal  operation,  and  altogether  unapt  to 
master  the  obscurity  of  things.*' 

The  profound  and  searching  wisdom  of  these  remarks 
appears  more  and  more,  as  we  apply  them  to  the  various 
attempts  which  men  have  made  to  obtain  knowledge;  when 
they  begin  with  the  contemplation  of  a  few  facts,  and  pur- 
sue their  speculations,  as  upon  most  subjects  they  have 
hitherto  generally  done ;  for  almost  all  such  attempts  have 
led  immediately  to  some  process  of  illicit  generalization, 
which  introduces  an  interminable  course  of  controversy.  In 
the  physical  sciences,  however,  we  have  the  further  ines- 
timable advantage  of  seeing  the  other  side  of  the  contrast 
exemplified :  for  many  of  them,  as  our  Inductive  Tables 
show  us,  have  gone  on  according  to  the  most  rigorous 
conditions  of  gradual  and  successive  generalization ;  and 
in  consequence  of  this  circumstance  in  their  constitution, 
possess,  in  each  part  of  their  structure,  a  solid  truth, 
which  is  always  ready  to  stand  the  severest  tests  of  rea- 
soning and  experiment. 

We  see  how  justly  and  clearly  Bacon  judged  con- 
cerning the  mode  in  which  facts  are  to  be  employed  in 
the  construction  of  science.  This,  indeed,  has  ever  been 
deemed  his  great  merit:  insomuch  that  many  persons  ap- 
pear to  apprehend  the  main  substance  of  his  doctrine  to 
reside  in  the  maxim  that  facts  of  observation,  and  such 
facts  alone,  are  the  essential  elements  of  all  true  science. 

10.  (IV.)  Yet  we  have  endeavoured  to  establish  the 
doctrine  that  facts  are  but  one  of  two  ingredients  of 
knowledge  both  equally  necessary  ;-*that  Ideas  are  no 
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less  indispensable  than  facts  themselves ;  and  that  except 
these  be  duly  unfolded  and  applied,  facts  are  collected  in 
vain.  Has  Bacon  then  neglected  this  great  portion  of 
his  subject  ?  Has  he  been  led  by  some  partiality  of  view, 
or  some  peculiarity  of  circumstances,  to  leave  this  curious 
and  essential  element  of  science  in  its  pristine  obscurity  ? 
Was  he  unaware  of  its  interest  and  importance? 

We  may  reply  that  Bacon's  philosophy,  in  its  effect 
upon  his  readers  in  general,  does  not  give  due  weight  or 
due  attention  to  the  ideal  element  of  our  knowledge. 
Ho  is  considered  as  peculiarly  and  eminently  the  asserter 
of  the  value  of  experiment  and  observation.  He  is  always 
understood  to  belong  to  the  experiential,  as  opposed  to 
the  ideal  school.  He  is  held  up  in  contrast  to  Plato  and 
others  who  love  to  dwell  upon  that  part  of  knowledge 
which  has  its  origin  in  the  intellect  of  man. 

11.  Nor  can  it  be  denied  that  Bacon  has,  in  the 
finished  part  of  his  Novum  Organuniy  put  prominently 
forwards  the  necessary  dependence  of  all  our  knowledge 
upon  Ebcperience,  and  said  little  of  its  dependence,  equally 
necessary,  upon  the  Conceptions  which  the  intellect  itself 
sui)plies.  It  will  appear,  however,  on  a  close  examination, 
that  he  was  by  no  means  insensible  or  careless  of  this 
internal  element  of  all  connected  speculation.  He  held 
the  balance,  with  no  partial  or  feeble  hand,  between 
phenomena  and  ideas.  He  urged  the  Colligation  of 
Facts,  but  he  was  not  the  less  aware  of  the  value  of  the 
Explication  of  Conceptions* 

12.  This  appears  plainly  from  some  remarkable  Apho- 
risms in  the  Novum  Organum.  Thus,  in  noticing  the 
causes  of  the  little  progress  then  made  by  science,  he 
states  this: — ''In  the  current  Notions,  all  is  unsound, 
whether  they  be  logical  or  physical.  Substance^  qtudity^ 
action^  passion^  even  being^  are  not  good  Conceptions ;  still 
less  are  heavy^  light,  dense,  rare,  moist,  dry,  generation. 
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carruptioUy  attrdctiony  repulsion^  elefnent^  fmUtkty  j/d**!^  iftiii 
others  of  that  kind;  all  are  fantastical  and  ill-deftned.^ 
And  in  his  attempt  to  exemplify  his  own  system^  h3  hesv* 
tates"^  in  accepting  or  rejecting  the  notions  of  dememtary^ 
celestial^  rarcy  as  belonging  to  fire,  since,  as  he  says>  they 
are  vague  and  ill-defined  notions  {Twtumes  voffm  nee  bem 
terminate).  In  that  part  of  his  work  which  appeals  to 
be  completed,  there  is  not,  so  far  as  I  have  noticed,  any 
attempt  to  fix  and  define  any  notions  thus  complained  of 
as  loose  and  obscure.  But  yet  such  an  undertaking  ap> 
pears  to  have  formed  part  of  his  plan ;  and  in  the  A6eee^ 
darium  Natura^y  which  consists  of  the  heads  of  various 
portions  of  his  great  scheme,  marked  by  letters  of  the 
alphabet,  we  find  the  titles  of  a  series  of  dissertations 
"  On  the  Conditions  of  Beings,"  which  must  have  had  for 
their  object  the  elucidation  of  divers  Notions  essential  to 
science,  and  which  would  have  been  contributions  to  the 
Explication  of  Conceptions^  such  as  we  have  attempted 
in  a  former  part  of  this  work.  Hius  some  of  the  subjects 
of  these  dissertations  are ; — Of  Much  and  Little ;— Of 
Durable  and  Transitory ; — Of  Natural  and  Monstrous;-^— 
Of  Natural  and  Artificial.  When  the  philosopher  of 
induction  came  to  discuss  these,  considered  as  co^iditions 
of  ewistence^  he  could  not  do  other  than  develop,  limit, 
methodize  and  define  the  Ideas  involved  in  these  Notions, 
so  as  to  make  them  consistent  with  themselves,  and  a  fit 
basis  of  demonstrative  reasoning.  His  task  would  have 
been  of  the  same  nature  as  ours  has  been,  in  that  part  of 
this  work  which  treats  of  the  Fundamental  Ideas  of  the 
various  classes  of  sciences. 

13.  Thus  Bacon,  in  his  speculative  philosophy,  took 
firmly  hold  of  both  the  handles  of  science;  and  if  he  had 
completed  his  scheme,  would  probably  have  given  due 

*  Not,  Org,y  lib.  ii.  Apli.  19. 
t  /n#r.  Mag.y  par.  iii.  (vol.  viii.  p.  244.) 
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attention  to  Ideas,  no  less  than  to  Facts,  as  an  element 
of  our  knowledge;  while  in  his  view  of  the  general 
method  of  ascending  from  facts  to  principles,  he  displayed 
a  sagacity  truly  wonderful.  But  we  cannot  be  surprised^ 
that  in  attempting  to  exemplify  the  method  which  he 
reconunended,  he  should  have  failed.  For  the  method 
could  be  exemplified  only  by  some  important  discovery 
in  physical  science ;  and  great  discoveries,  even  with  the 
most  perfect  methods,  do  not  come  at  command.  More- 
over although  the  general  structure  of  his  scheme  wa^ 
correct,  the  precise  import  of  some  of  its  details  could 
hardly  be  understood,  till  the  actual  progress  of  science 
had  made  men  somewhat  familiar  with  the  kind  of  steps 
which  it  included. 

14.  (V.)  Accordingly,  Bacon's  Inquisition  into  the 
Nature  of  Heat^  which  is  given  in  the  Second  Book  of 
the  Novum  OrgoMm  as  an  example  of  the  mode  of  inter* 
rogating  Nature,  cannot  be  looked  upon  otherwise  than 
as  a  complete  failure.  This  will  be  evident  if  we  con- 
sider that,  although  the  exact  nature  of  heat  is  still  an 
obscure  and  controverted  matter,  the  science  of  Heat 
now  consists  of  many  important  truths ;  and  that  to  none 
of  these  truths  is  there  any  approximation  in  Bacon's 
essay.  From  his  process  he  arrives  at  this,  as  the  ^^  forma 
or  true  definition"  of  heat; — *Hhat  it  is  an  expansive, 
restrained  motion,  modified  in  certain  ways,  and  exerted  in 
the  smaller  particles  of  the  body.**  But  the  steps  by  which 
the  science  of  Heat  really  advanced  were,  (as  may  be  seen 
in  the  history*  of  the  subject,)  these; — ^The  discovery 
of  a  measure  of  heat  or  temperature  (the  thermometer) ; 
The  establishment  of  the  laws  of  conduction  and  radia- 
tion ;  of  the  laws  of  specific  heat,  latent  heat,  and  the 
like.  Such  steps  have  led  to  Ampere's  hypothesis  f ,  that 
heat  consists  in  the  vibrations  of  an  imponderable  fluid ; 

*  Hut.  Ind.  Set.,  ii.  468.  t  lb.,  529. 
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and  to  Laplace's  hypothesis^  that  temperature  consiats  ia 
the  internal  radiation  of  such  a  fluid.  Thede  hypotheses 
cannot  yet  be  said  to  be  even  probable ;  but  at  least  they 
are  so  modified  as  to  include  some  of  the  preceding  laws 
which  are  firmly  established;  whereas  Bacon^s  hypo- 
thetical motion  includes  no  laws  of  phenomena,  explains 
no  process,  and  is  indeed  itself  an  example  of  illidt 
generalization. 

15.  One  main  ground  of  Bacon's  ill  fortune  in  this 
undertaking  appears  to  be,  that  he  was  not  aware  of  an 
important  maxim  of  inductive  science,  that  we  must  first 
obtain  the  measure  and  ascertain  the  laws  of  phenomena, 
before  we  endeavour  to  discover  their  causes.  The  whole 
history  of  thermotics  up  to  the  present  time  has  been 
occupied  with  the  former  step,  and  the  task  is  not  yet 
completed :  it  is  no  wonder,  therefore,  that  Bacon  failed 
entirely,  when  he  so  prematurely  attempted  the  second. 
His  sagacity  had  taught  him  that  the  progress  of  science 
must  be  gradual ;  but  it  had  not  led  him  to  judge  ade- 
quately how  gradual  it  must  be,  nor  of  what  different 
kinds  of  inquiries,  taken  in  due  order,  it  must  needs  con- 
sist, in  order  to  obtain  success. 

Another  mistake,  which  could  not  fail  to  render  it 
unlikely  that  Bacon  should  really  exemplify  his  precepts 
by  any  actual  advance  in  science,  was,  that  he  did  not 
justly  appreciate  the  sagacity,  the  inventive  genius^  which 
all  discovery  requires.  He  conceived  that  he  could 
supersede  the  necessity  of  such  peculiar  endowments. 
"Our  method  of  discovery  in  science,"  he  says*,  "is  of 
such  a  nature,  that  there  is  not  much  left  to  acuteness 
and  strength  of  genius,  but  all  degrees  of  genius  and 
intellect  are  brought  nearly  to  the  same  level."  And  he 
illustrates  this  by  comparing  his  method  to  a  pair  of 
compasses,  by  means  of  which  a  person  with  no  manual 
skill  may  draw  a  perfect  circle.     In  the  same  spirit  he 

*  Nov,  Or^.Jib,  i.  Aph.  61. 
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speakB  of  proceeding  by  due  refections;  and  appears  to 
imagine  that  ivhen  we  have  obtained  a  collection  of  facts, 
if  we  go  on  successivelj  rejecting  what  is  false,  we  shall 
at  last  find  that  we  have,  left  in  our  hands,  that  scientific 
truth  which  we  seek.  I  need  not  observe  how  far  this 
view  is  removed  from  the  real  state  of  the  case.  The 
necessity  of  a  conception  which  must  be  furnished  by  the 
mind  in  order  to  bind  together  the  facts,  could  hardly 
have  escaped  the  eye  of  Bacon,  if  he  had  cultivated  more 
carefully  the  ideal  side  of  his  own  philosophy.  And  any 
attempts  which  he  could  have  made  to  construct  such 
conceptions  by  mere  rule  and  method,  must  have  ended 
in  convincing  him  that  nothing  but  a  peculiar  inventive 
talent  could  supply  that  which  was  thus  not  contained  in 
the  facts,  and  yet  was  needed  for  the  discovery. 

16.  (VI.)  Since  Bacon,  with  all  his  acuteness,  had 
not  divined  circumstances  so  important  in  the  formation 
of  science,  it  is  not  wonderful  that  his  attempt  to  reduce 
this  process  to  a  Technical  Form  is  of  little  value.  In 
the  first  place,  he  says^,  we  must  prepare  a  natural  and 
experimental  history,  good  and  sufficient;  in  the  next 
place,  the  instances  thus  collected  are  to  be  arranged  in 
Tables  in  some  orderly  way;  and  then  we  must  apply  a 
legitimate  and  true  induction.  And  in  his  exam  pie  f,  he 
first  collects  a  great  number  of  cases  in  which  heat 
appears  under  various  circumstances,  which  he  calls  '*  a 
Muster  of  Instances  before  the  intellect,"  {comparentia 
instantiarum  ad  inteUectum^)  or  a  Table  o^  the  Presence  of 
the  thing  sought.  He  then  adds  a  Taile  of  its  Absence 
in  proximate  cases,  containing  instances  where  heat  does 
not  appear ;  then  a  Table  of  Degrees^  in  which  it  appears 
with  greater  or  less  intensity.  He  then  addsj:,  that  we 
must  try  to  exclude  several  obvious  suppositions,  which 

*  Nop.  Or^.y  lib.  li.  Aph.  10.  t  Aph.  11. 
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he  does  by  reference  to  some  of  the  instances  he  has  col- 
lected ;  and  this  step  he  calls  the  Ejccbmve^  or  the  MejecttM 
of  Natures.  He  then  observes,  (and  justly,)  that  whereas 
truth  emerges  more  easily  from  error  than  from  confusioDi 
we  may,  after  this  preparation,  give  play  to  the  inteUed^ 
(fiat  permissio  intellectus,)  and  make  an  attempt  at 
induction,  liable  afterwards  to  be  corrected ;  and  by  this 
step,  which  he  terms  his  First  Vindemiationy  or  Inchoak 
Induction^  he  is  led  to  the  proposition  concerning  heat, 
which  we  have  stated  above. 

17.  In  all  the  details  of  his  example  he  is  unfortunate. 
By  proposing  to  himself  to  examine  at  once  into  the 
nature  of  heat,  instead  of  the  laws  of  special  classes  of 
phenomena,  he  makes,  as  we  have  said,  a  fundamental 
mistake ;  which  is  the  less  surprising  since  he  had  before 
him  so  few  examples  of  the  right  course  in  the  previous 
history  of  science.  But  further,  his  collection  of  instances 
is  very  loosely  brought  together ;  for  he  includes  in  his  list 
the  hot  taste  of  aromatic  plants,  the  caustic  effects  of  acids, 
and  many  other  facts  which  cannot  be  ascribed  to  heat 
without  a  studious  laxity  in  the  use  of  the  word.  And 
when  he  comes  to  that  point  where  he  permits  his  intellect 
its  range,  the  conception  of  motio7i  upon  which  it  at  once 
fastens,  appears  to  be  selected  with  little  choice  or  skill, 
the  suggestion  being  taken  from  flame*,  boiling  liquids,  a 
blown  fire,  and  some  other  cases.  If  from  such  examples 
we  could  imagine  heat  to  be  motion,  we  ought  at  least 
to  have  some  gradation  to  cases  of  heat  where  no  motion 
is  visible,  as  in  a  red-hot  iron.  It  would  seem  that,  after 
a  large  collection  of  instances  had  been  looked  at,  the 
intellect,  even  in  its  first  attempts,  ought  not  to  have 
dwelt  upon  such  an  hypothesis  as  this. 

18.  After  these  steps,  Bacon  speaks  of  several  classes 
of  instances  which,  singling  them  out  of  the  general  and 

*  Page  1 10. 
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indiscriminate  collection  of  facts,  he  terms  Instances  with 
Prerogative ;  and  these  he  points  out  as  peculiar  aids  and 
guides  to  the  intellect  in  its  task.  These  Instances  with 
Prerogative  have  generally  been  much  dwelt  upon  by 
those  who  have  commented  on  the  Novum  Organon.  Yet, 
in  reality,  such  a  classification,  as  has  been  observed 
by  one  of  the  ablest  writers  of  the  present  day*,  is  of 
little  service  in  the  task  of  induction.  For  the  instances 
are,  for  the  most  part,  classed,  not  according  to  the  ideas 
which  they  involve,  or  to  any  obvious  circumstance  in  the 
facts  of  which  they  consist,  but  according  to  the  extent 
or  manner  of  their  influence  upon  the  inquiry  in  which 
they  are  employed.  Thus  we  have  Solitary  Instances, 
Migrating  Instances,  Ostensive  Instances,  Clandestine 
Instances,  so  termed  according  to  the  degree  in  which 
they  exhibit,  or  seem  to  exhibit,  the  property  whose 
nature  we  would  examine.  We  have  Guide-Post  In- 
stances, {Instantice  Crucisy)  Instances  of  the  Parted  Road, 
of  the  Doorway,  of  the  Lamp,  according  to  the  guidance 
they  supply  to  our  advance.  Such  a  classification  is  much 
of  the  same  nature  as  if,  having  to  teach  the  art  of  build- 
ing, we  were  to  describe  tools  with  reference  to  the 
amount  and  place  of  the  work  which  they  must  do, 
instead  of  pointing  out  their  construction  and  use : — as  if 
we  were  to  inform  the  pupil  that  we  must  have  tools  for 
lifting  a  stone  up,  tools  for  moving  it  sideways,  tools  for 
laying  it  square,  tools  for  cementing  it  firmly.  Such  an 
enumeration  of  ends  would  convey  little  instruction  as 
to  the  means.  Moreover,  many  of  Bacon's  classes  of 
instances  are  vitiated  by  the  assumption  that  the  "form," 
that  is,  the  general  law  and  cause  of  the  pro])erty  which 
is  the  subject  of  investigation,  is  to  be  looked  for  directly 
in  the  instances ;  which,  as  we  have  seen  in  his  inquiry 
concerning  heat,  is  a  fundamental  error. 

*  Herschbl,  On  the  Study  of  Nat.  Phil.f  Art.  192. 
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19.  Yet  his  phraseology  in  some  cases,  as  in  the  indan* 
tia  ci'tids^  serves  well  to  mark  the  place  which  certain 
experiments  hold  in  our  reasonings :  and  many  of  the 
special  examples  which  he  gives  are  full  of  aouteness  and 
sagacity.  Thus  he  suggests  swinging  a  pendulum  in  i 
mine,  in  order  to  determine  whether  the  attraction  of  the 
earth  arises  from  the  attraction  of  its  parts ;  and  observing 
the  tide  at  the  same  moment  in  different  parts  of  the  world, 
in  order  to  ascertain  whether  the  motion  of  the  water  is 
expansive  or  progressive ;  with  other  ingenious  proposals. 
These  marks  of  genius  may  serve  to  counterbalance  the 
unfavourable  judgment  of  Bacon's  aptitude  for  physical 
science  which  we  are  sometimes  tempted  to  form,  in  con- 
sequence of  his  false  views  on  other  points ;  as  his  rejec- 
tion of  the  Copernicau  system,  and  his  undervaluing 
Gilbert's  magnetical  speculations.  Most  of  these  errors 
arose  from  a  too  ambitious  habit  of  intellect,  whidi 
would  not  be  contented  with  any  except  very  wide  and 
general  truths ;  and  from  an  indistinctness  of  mechanical, 
and  perhaps,  in  general,  of  mathematical  ideas  :-^efect8 
which  Bacon's  own  philosophy  was  directed  to  remedy, 
and  which,  in  the  progress  of  time,  it  has  remedied  in 
others. 

20.  (VII.)  Having  thus  freely  given  our  judgment 
concerning  the  most  exact  and  definite  portion  of  Bacon's 
precepts,  it  cannot  be  necessary  for  us  to  discuss  at  any 
length  the  value  of  those  moi'e  vague  and  general  Wotmr 
ings  against  prejudice  and  partiality,  against  intellectual 
indolence  and  presumption,  with  which  his  works  abound. 
His  advice  and  exhortations  of  this  kind  are  always  ex- 
pressed with  energy  and  point,  often  clothed  in  the  hap- 
piest forms  of  imagery ;  and  hence  it  has  come  to  passi 
that  such  passages  are  perhaps  more  familiar  to  the 
general  reader  than  any  other  parts  of  his  writings.  Nor 
are  Bacon's  counsels  without  their  importance,  when  we 


FRANCIS  BACON.  407 

have  to  do  with  those  subjects  in  which  prejudice  and 
partiality  exercise  their  peculiar  sway.  Questions  of 
politics  and  morals,  of  manners,  taste,  or  history,  cannot 
be  subjected  to  a  scheme  of  rigorous  induction;  and 
though  on  such  matters  we  venture  to  assert  general 
principles,  these  are  commonly  obtained  with  some  degree 
of  insecurity,  and  depend  upon  special  habits  of  thought, 
not  upon  mere  logical  connexion.  Here,  therefore,  the 
intellect  may  be  perverted,  by  mixing,  with  the  pure 
reason,  our  gregarious  affections,  or  our  individual  propen- 
sities ;  the  false  suggestions  involved  in  language,  or  the 
imposing  delusions  of  received  theories.  In  these  dim 
and  complex  labyrinths  of  human  thought,  the  Idol  of  the 
Tribe,  or  of  the  Den,  of  the  Forumy  or  of  the  Theatre,  may 
occupy  men's  minds  with  delusive  shapes,  and  may  obscure 
or  pervert  their  vision  of  truth.  But  in  that  Natural  Phi- 
losophy with  which  we  are  here  concerned,  there  is  little 
opportunity  for  such  influences.  As  far  as  a  physical 
theory  is  completed  through  all  the  steps  of  a  just  induc- 
tion, there  is  a  clear  daylight  difiused  over  it  which  leaves 
no  lurking-place  for  prejudice.  Each  part  can  be  exa- 
mined separately  and  repeatedly ;  and  the  theory  is  not 
to  be  deemed  perfect  till  it  will  bear  the  scrutiny  of  all 
sound  minds  alike.  Although,  therefore,  Bacon,  by 
warning  men  against  the  idols  or  fallacious  images  above 
spoken  of,  may  have  guarded  them  from  dangerous  error, 
his  precepts  have  little  to  do  with  Natural  Philosophy: 
and  we  cannot  agree  with,  him  when  he  says*,  that  the 
doctrine  concerning  these  idols  bears  the  same  relation 
to  the  interpretation  of  nature  as  the  doctrine  concerning 
sophistical  paralogisms  bears  to  common  logic. 

21.  (VIII.)  There  is  one  very  prominent  feature  in 
Bacon's  speculations  which  we  must  not  omit  to  notice ; 
it  is  a  leading  and  constant  object  with  him  to  apply  his 

*  Nov.  Ory.,  lib.  i.  Apb.  40. 
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knowledge  to  Use.  The  in»ght  which  he  obtains  intQ 
nature,  he  would  employ  in  commanding  nature  for  tlie 
service  of  man.  He  wishes  to  have  not  only  prineifdes 
hut  works.  The  phrase  which  hest  describes  the  aim 
of  his  philosophy  is  his  own*,  ^^Ascendendo  ad  ajriamata, 
descendendo  ad  opera^  This  disposition  appears  in  the 
first  aphorism  of  the  Novum  Organon^  and  runs  through 
the  work.  ^'  Man,  the  minister  and  interpreter  of  natuie^ 
does  and  understands,  so  fax  as  he  has,  in  £sict  or  in 
thought,  observed  the  course  of  nature ;  and  he  cannot 
know  or  do  more  than  this."  It  is  not  necessarj  for  as 
to  dwell  much  upon  this  turn  of  mind ;  for  the  whole  of 
our  present  inquiry  goes  upon  the  supposition  that  an 
acquaintance  with  the  laws  of  nature  is  worth  our  haying 
for  its  own  sake.  It  may  be  universally  true,  that  know- 
ledge is  power ;  but  we  have  to  do  with  it  not  as  power, 
but  as  knowledge.  It  is  the  formation  of  Science,  not  of 
Art,  with  which  we  are  here  concerned.  It  may  give  a 
peculiar  interest  to  the  history  of  science,  to  show  how  it 
constantly  tends  to  provide  better  and  better  for  the 
wants  and  comforts  of  the  body ;  but  that  is  not  the  in- 
terest which  engages  us  in  our  present  inquiry  into  the 
nature  and  course  of  philosophy.  The  consideration  of 
the  means  which  promote  man's  material  well-being 
often  appears  to  be  invested  with  a  kind  of  dignity,  by 
the  discovery  of  general  laws  which  it  involves ;  and  the 
satisfaction  which  rises  in  our  minds  at  the  contempla- 
tion of  such  cases,  men  sometimes  ascribe,  with  a  false 
ingenuity,  to  the  love  of  mere  bodily  enjojrment  But  it 
is  never  difficult  to  see  tliat  this  baser  and  coarser  element 
is  not  the  real  source  of  our  admiration.  Those  who 
hold  that  it  is  the  main  business  of  science  to  construct 
instruments  for  the  uses  of  life,  appear  sometimes  to  be 
willing  to  accept  the  consequence  which  follows  from 

♦  Nov.  Org,,  lib.  i.  Ax.  103. 
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8uch  a  doctrine,  tbat  the  first  shoemaker  was  a  philoso- 
pher worthy  of  the  highest  admiration^.  But  those  who 
maintain  such  paradoxes,  often,  by  a  happy  inconsistency, 
make  it  their  own  aim,  not  to  devise  some  improved 
covering  for  the  feet,  but  to  delight  the  mind  with  acute 
speculations,  exhibited  in  all  the  graces  of  wit  and  fancy. 

It  has  been  saidf  that  the  key  of  the  Baconian  doc- 
trine consists  in  two  words,  Utility  and  Progress.  With 
regard  to  the  latter  point,  we  have  already  seen  that  the 
hope  and  prospect  of  a  boundless  progress  in  human 
knowledge  had  sprung  up  in  men's  minds,  even  in  the 
early  times  of  imperial  Rome ;  and  were  most  emphati- 
cally expressed  by  that  very  Seneca  who  disdained  to 
reckon  the  worth  of  knowledge  by  its  value  in  food  and 
clothing.  And  when  we  say  that  Utility  was  the  great 
business  of  Bacon's  philosophy,  we  forget  one-half  of  his 
characteristic  phrase.  ^^Ascendendo  ad  axiomata,"  no 
less  than  **  descendendo  ad  opera,"  was,  he  repeatedly 
declared,  the  scheme  of  his  path.  He  constantly  spoke, 
we  are  told  by  his  secretary^,  of  two  kinds  of  experi- 
ments, eofperimentafructifera,  and  ea^perimenta  lucifera. 

Again ;  when  we  are  told  by  modem  writers  that 
Bacon  merely  recommended  such  induction  as  all  men 
instinctively  practise,  we  ought  to  recollect  Iiis  own 
earnest  and  incessant  declarations  to  the  contraiy.  The 
induction  hitherto  practised  is,  he  says,  of  no  use  for  ob- 
taining solid  science.  There  are  two  ways^,  ^  hoec  via  in 
usu  est,"  **  altera  vera,  sed  intentata."  Men  have  con- 
stantly been  employed  in  anticipation ;  in  illicit  induction. 
The  intellect  left  to  itself  rushes  on  in  this  road  || ;  the 
conclusions  so  obtained  are  persuasive^ ;  far  more  persua- 
sive than  inductions  made  with  due  caution**.     But  still 

♦  Edinh.  Bev.,  No.  cxxxii.  p.  65.  t  lb. 

t  Pref.  i6  1^10  JStat.HUt.,  i.  943.        §  Nov.  Org.,  lib.  i.  Apli.  19. 

II  Aph.  20.  .  ,    V  Aph.  27.  **  lb.,  28. 
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this  method  must  be  rejected  if  we  would  obtain  true 
knowledge.  We  shall  then  at  length  have  ground  of 
good  hope  for  science  when  we  proceed  in  another  man- 
ner'*^. We  must  rise,  not  by  a  leap,  but  by  small  steps^ 
by  successive  advances,  by  a  gradation  of  ascents,  trying 
our  facts,  and  clearing  our  notions  at  every  interval.  The 
scheme  of  true  philosophy,  according  to  Bacon,  is  not 
obvious  and  simple,  but  long  and  technical,  requiring 
constant  care  and  self-denial  to  follow  it.  And  we  have 
seen  that,  in  this  opinion,  his  judgment  is  confirmed  by 
the  past  history  and  present  condition  of  science. 

Again  ;  it  is  by  no  means  a  just  view  of  Bacon's  cha* 
racter  to  place  him  in  contrast  to  Plato.  Plato's  philo* 
sophy  was  the  philosophy  of  Ideas ;  but  it  was  not  left 
for  Bacon  to  set  up  the  philosophy  of  Facts  in  opposition 
to  that  of  Ideas.  That  had  been  done  fully  by  the  spe- 
culative reformers  of  the  sixteenth  century.  Bacon  had 
the  merit  of  showing  that  Facts  and  Ideas  must  be  com- 
bined ;  and  not  only  so,  but  of  divining  many  of  the  spe- 
cial rules  and  forms  of  this  combination,  when  as  yet 
there  were  no  examples  of  them,  with  a  sagacity  hitherto 
quite  unparalleled. 

22.  (IX.)  With  Bacon's  unhappy  political  life  we 
have  here  nothing  to  do.  But  we  cannot  but  notice  with 
pleasure  how  faithfully,  how  perseveringly,  how  energeti- 
cally he  discharged  his  great  philosophical  office  of  a 
Reformer  of  Methods.  He  had  conceived  the  purpose  of 
making  this  his  object  at  an  early  period-  When  medi- 
tating the  continuation  of  his  Novum  Organon^  and  speak- 
ing of  his  reasons  for  trusting  that  his  work  will  reach  some 
completeness  of  effect,  he  saysf,  ^^  I  am  by  two  arguments 
thus  persuaded.     First,  I  think  thus  from  the  zeal  and 

*  Aph.  104.     So  Aph.  105.    "  In  constituondo  aziomate  forma 
inductionis  alia  quam  adhuc  in  usu  fuit  cxcogitanda  est,"  &c. 

t  Ep.  ad  P.  Fulgmtium.    Op.^  x.  a30. 
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constancy  of  my  mind,  which  has  not  waxed  old  in  this 
design,  nor,  after  so  many  years,  grown  cold  and  indif- 
ferent ;  I  remember  that  about  forty  years  ago  I  com- 
posed a  juvenile  work  about  these  things,  which  with 
great  contrivance  and  a  pompous  title  I  called  temporis 
partum  tnaanmum^  or  the  most  considerable  birth  of  time ; 
Next,  that  on  account  of  its  usefulness,  it  may  hope  the 
Divine  blessing."  In  stating  the  grounds  of  hope  for 
future  progress  in  the  sciences,  he  says* :  "  Some  hope 
may,  we  conceive,  be  ministered  to  men  by  our  own 
example :  and  this  we  say,  not  for  the  sake  of  boasting, 
but  because  it  is  useful  to  be  said.  If  any  despond,  let 
them  look  at  me,  a  man  among  all  others  of  my  age  most 
occupied  with  civil  affairs,  nor  of  very  sound  health, 
(which  brings  a  great  loss  of  time ;)  also  in  this  attempt 
the  first  explorer,  following  the  footsteps  of  no  man,  nor 
communicating  on  these  subjects  with  any  mortal ;  yet, 
having  steadily  entered  upon  the  true  road  and  made  my 
mind  submit  to  things  themselves,  one  who  has,  in  this 
undertaking,  made,  (as  we  think,)  some  progress."  He 
then  proceeds  to  speak  of  what  may  be  done  by  the 
combined  and  more  prosperous  labours  of  others,  in  that 
strain  of  noble  hope  and  confidence,  which  rises  again 
and  again,  like  a  chorus,  at  intervals  in  every  part  of  his 
writings.  In  the  Advancement  of  Learning  he  had  said, 
^^I  could  not  be  true  and  constant  to  the  argument  I 
handle,  if  I  were  not  willing  to  go  beyond  others,  but  yet 
not  more  willing  than  to  have  others  go  beyond  me 
again."  In  the  Preface  to  the  Instauraiio  Magna,  he  had 
placed  among  his  postulates  those  expressions  which  have 
more  than  once  warmed  the  breast  of  a  philosophical 
reformer  f.  "  Concerning  ourselves  we  speak  not ;  but 
as  touching  the  matter  which  we  have  in  hand,  this  we 

*  Nov,  Org,',  i.  Aph.  113. 
t  See  the  motto  to  Kant's  Kri^  ckr  Jieinm  Vemunft. 
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ask ; — that  men  be  of  good  hope,  neither  feign  and  nnsr 
gine  to  themselves  this  our  Reform  as  something  of 
infinite  dimension  and  beyond  the  grasp  of  mortal  man, 
when  in  truth  it  is  the  end  and  true  limit  of  infinite 
error ;  and  is  by  no  means  unmindful  of  the  condition  of 
mortality  and  humanity,  not  confiding  that  such  a  thing 
can  be  carried  to  its  perfect  close  in  the  space  of  a  single 
age,  but  assigning  it  as  a  task  to  a  succession  of  genen^ 
tions."  In  a  later  portion  of  the  Instauratio  he  says: 
"  Wc  bear  the  strongest  love  to  the  human  republic^  our 
common  country ;  and  we  by  no  means  abandon  the  hope 
that  there  will  arise  and  come  forth  some  man  among 
posterity,  who  will  be  able  to  receive  and  digest  all  that 
is  best  in  what  we  deliver ;  and  whose  care  it  will  be  to 
cultivate  and  perfect  such  things.  Therefore,  by  the 
blessing  of  the  Deity,  to  tend  to  this  object,  to  open  up 
the  fountains,  to  discover  the  useful,  to  gather  guidance 
for  the  way,  shall  be  our  task ;  and  from  this  we  shall 
never,  while  we  remain  in  life,  desist." 

23.  (X.)  We  may  add,  that  the  spirit  of  piety  as  well 
as  of  hope  which  is  seen  in  this  passage,  appears  to  have 
been  habitual  to  Bacon  at  all  periods  of  his  life.  We 
find  in  his  works  several  drafts  of  portions  of  his  great 
scheme,  and  several  of  them  begin  with  a  prayer.  One 
of  these  entitled,  in  the  edition  of  his  works,  "The 
Student's  Prayer,"  appears  to  me  to  belong  probably  to 
his  early  youth.  Another,  entitled  "The  Writer's  Prayer," 
is  inserted  at  the  end  of  the  Preface  of  the  Instauratioj  as 
it  was  finally  published.  I  will  conclude  my  notice  of 
this  wonderful  man  by  inserting  here  these  two  prayers. 

"  To  God  the  Father,  God  the  Word,  God  the  Spirit, 
we  pour  forth  most  humble  and  hearty  supplications; 
that  he,  remembering  the  calamities  of  mankind,  and  the 
pilgrimage  of  this  our  life,  in  which  we  wear  out  days 
few  and  evil,  would  please  to  o})en  to  us  new  refresh- 
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ments  out  of  the  fountains  of  his  goodness  for  the 
alleviating  of  our  miseries.  This  also  we  humbly  and 
earnestly  beg,  that  human  things  may  not  prejudice  such 
as  are  divine;  neither  that,  from  the  unlocking  of  the 
gates  of  sense,  and  the  kindling  of  a  greater  natural  light, 
anything  of  incredulity,  or  intellectual  night,  may  arise 
in  our  minds  towards  divine  mysteries.  But  rather,  that 
by  our  mind  thoroughly  cleansed  and  purged  from  fancy 
and  vanities,  and  yet  subject  and  perfectly  given  up  to 
the  Divine  oracles,  there  may  be  given  unto  faith  the 
things  that  are  faith's.*' 

''  Thou,  O  Father,  who  gavest  the  visible  light  as  the 
first-born  of  thy  creatures,  and  didst  pour  into  man  the 
intellectual  light  as  the  top  and  consummation  of  thy 
workmanship,  be  pleased  to  protect  and  govern  this  work, 
which  coming  from  thy  goodness,  returneth  to  thy  glory. 
Thou,  after  thou  hadst  reviewed  the  works  which  thy 
hands  had  made,  beheldest  that  everything  was  very  good, 
and  thou  didst  rest  with  complacency  in  them.  But 
man,  reflecting  on  the  works  which  he  had  made,  saw  that 
all  was  vanity  and  vexation  of  spirit,  and  could  by  no 
means  acquiesce  in  them.  Wherefore,  if  we  labour  in 
thy  works  with  the  sweat  of  our  brows,  thou  wilt  make 
us  partakers  of  thy  vision  and  thy  Sabbath.  We  humbly 
beg  that  this  mind  may  be  stedfastly  in  us ;  and  that 
thou,  by  our  hands,  and  also  by  the  hands  of  others  on 
whom  thou  shalt  bestow  the  same  spirit,  wilt  please  to 
convey  a  largess  of  new  alms  to  thy  family  of  mankind. 
These  things  we  commend  to  thy  everlasting  love,  by  our 
Jesus,  thy  Christ,  God  with  us.    Amen." 
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Chapter  XII. 
FROM  BACON  TO  NEWTON. 

I.  Harvey. — We  have  already  seen  that  Bacon  was 
by  no  means  the  first  mover  or  principal  author  of  the 
revolution  in  the  method  of  philosophizing  which  took 
place  in  his  time ;  but  only  the  writer  who  proclaimed  in 
the  most  impressive  and  comprehensive  manner,  the 
scheme,  the  profit,  the  dignity,  and  the  prospects  of  the 
new  philosophy.  Those,  therefore,  who  after  him  took 
up  the  same  views  are  not  to  be  considered  as  his  succes- 
sors, but  as  his  fellow  labourers ;  and  the  line  of  historicti 
succession  of  opinions  must  be  pursued  without  speciil 
reference  to  any  one  leading  character,  as  the  principal 
figure  of  the  epoch.  I  resume  this  line,  by  noticing  a 
contemporary  and  fellow  countryman  of  Bacon,  Harvey, 
the  discoverer  of  the  circulation  of  the  blood.  This  dis- 
covery was  not  published  and  generally  accepted  till  near 
the  end  of  Bacon's  life ;  but  the  anatomist's  reflections  on 
the  method  of  pursuing  science,  though  strongly  marked 
with  the  character  of  the  revolution  that  was  taking 
place,  belong  to  a  very  different  school  from  the  Chan- 
cellor's. Harvey  was  a  pupil  of  Fabricius  of  Acquapeu* 
dente,  whom  we  noticed  among  the  practical  reformers 
of  the  sixteenth  century.  He  entertained,  like  his  mas- 
ter, a  strong  reverence  for  the  great  •  names  which  had 
ruled  in  philosophy  up  to  that  time,  Aristotle  and  Galen ; 
and  was  disposed  rather  to  recommend  his  own  method 
by  exhibiting  it  as  the  true  interpretation  of  ancient 
wisdom,  than  to  boast  of  its  novelty.  It  is  true,  that  he 
assigns,  as  his  reason  for  publishing  some  of  his  researches*, 
"  that  by  revealing  the  method  I  use  in  searching  into 

*  Anatomical  Exercitations  concemvng  the  Genet^atiofi  of  Living 
Creatures,  1653.    Preface. 
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things,  I  might  propose  to  studious  men,  a  new  and  (if  I 
mistake  not)  a  surer  path  to  the  attainment  of  know- 
ledge* ;"  but  he  soon  proceeds  to  fortify  himself  with  the 
authority  of  Aristotle.  In  doing  this,  however,  he  has 
the  very  great  merit  of  giving  a  living  and  practical  cha* 
racter  to  truths  which  exist  in  the  Aristotelian  works,  but 
which  had  hitherto  been  barren  and  empty  professions. 
We  have  seen  that  Aristotle  had  asserted  the  importance 
of  experience  as  one  root  of  knowledge ;  and  in  this  had 
been  followed  by  the  schoolmen  of  the  middle  ages :  but 
this  assertion  came  with  very  different  force  and  efiect 
from  a  man,  the  whole  of  whose  life  had  been  spent  in 
obtaining,  by  means  of  experience,  knowledge  which  no 
man  had  possessed  before.  In  Harvey's  general  reflec- 
tions, the  necessity  of  both  the  elements  of  knowledge, 
sensations  and  ideas,  experience  and  reason,  is  fully 
brought  into  view,  and  rightly  connected  with  the  meta* 
physics  of  Aristotle.  He  puts  the  antithesis  of  these  two 
elements  with  great  clearness.  ''  Universals  are  chiefly 
known  to  us,  for  science  is  begot  by  reasoning  from 

*  He  used  similar  expressions  in  conversation.  George  Ent,  who 
edited  his  Generation  of  Animals,  visited  him,  **  at  thai  time  residing 
not  far  from  the  city ;  and  found  him  very  intent  upon  the  perscnita* 
tion  of  nature's  works,  and  with  a  countenance  as  cheerful,  as  mind 
inipcrturbed ;  Democritus  like,  chiefly  searching  into  the  cause  of 
natural  things."  In  the  course  of  conversation  the  writer  said,  '« It 
hath  always  been  your  choice,  about  the  soorets  of  Nature,  to  consult 
Nature  herself."  "  Tis  true,"  replied  he ;  "  and  I  have  constantly  been 
of  opinion  that  from  thence  we  might  acquire  not  only  the  knowledge  of 
those  less  considerable  secrets  of  Nature,  but  even  a  certain  admiration 
of  that  Supreme  Essence,  the  Creator.  And  though  I  have  ever  been 
ready  to  acknowledge,  that  many  things  have  been  discovered  by 
learned  men  of  former  times ;  yet  do  I  still  believe  that  the  number  of 
those  which  remain  yet  concealed  in  the  darkness  of  impcrvestigable 
Nature  is  much  greater.  Nay,  I  cannot  forbear  to  wonder,  and  some- 
times smile  at  those,  who  persuade  themselves,  that  all  things  were  so 
consummately  and  absolutely  delivered  by  Aristotle,  Galen,  or  some 
other  great  name,  as  that  nothing  was  left  to  the  superaddition  of 
any  that  succeeded.'' 
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universals  to  particulars ;  yet  that  very  comprehension  of 
universale  in  the  understanding  springs  from  the  percep- 
tion of  singulars  in  our  sense."     Again,  he  quotes  Aris- 
totle's apparently  opposite  assertions : — ^that  made  in  his 
Physics^  "  that  we  must  advance  from  things  which  are 
first  known  to  us,  though  confusedly,  to  things  more  dis- 
tinctly intelligible  in  themselves ;  from  the  whole  to  the 
part;    from  the  universal  to  the  particular;"  and  that 
made  in  the  Anah/ticsf;  that  "  Singulars  are  more  known 
to  us  and  do  first  exist  according  to  sense :  for  nothing  is 
in  the  understanding  which  was  not  before  in  the  sense" 
Both,  he  says,  are  true,  though  at  first  they  seem  to 
clash :    for  "  though  in  knowledge  we  begin  with  sense, 
sensation  itself  is  a  universal  thing."     This  he  frirther 
illustrates;   and   quotes  Seneca,  who   says,    that    ^*Art 
itself  is  nothing  but  the  reason  of  the  work,  implanted  in 
the  Artist's  mind :"  and  adds,  "  the  same  way  by  which 
we  gain  an  Art,  by  the  very  same  way  we  attain  any  kind 
of  science  or  knowledge  whatever ;   for  as  Art  is  a  habit 
whose  object  is  something  to  be  done,  so  Science  is  a 
habit  whose  object  is  something  to  be  known ;  and  as  the 
former  proceedeth  from  the  imitation  of  examples,  so 
this  latter,  from  the  knowledge  of  things  natural.     The 
source  of  both  is  from  sense  and  experience ;  since  [but] 
it  is  impossible  that  Art  should  be  rightly  purchased  by 
the  one  or  Science  by  the  other  without  a  direction  from 
ideas."     Without  here  dwelling  on  the  relation  of  Art 
and  Science,  (very  justly  stated  by  Harvey,  except  that 
ideas  exist  in  a  very  different  form  in  the  mind  of  the 
Artist  and  the  Scientist)  it  will  be  seen  that  this  doctrine, 
of  science  springing  from  experience  with  a  direction 
from  ideas,  is  exactly  that  which  we  have  repeatedly 
urged,  as  the  true  view  of  the  subject.      From  this  view, 
Harvey  proceeds  to  infer  the  importance  of  a  reference 

*  Lib.  i.  c.  2,  3.  t  Anal.  Post.,  ii. 
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to  sense  in  his  own  subject,  not  only  for  first  discovering, 
but  for  receiving  knowledge :  "  Without  experience,  not 
other  men's  but  our  own,  no  man  is  a  proper  disciple  of 
any  part  of  natural  knowledge;  without  experimental 
skill  in  anatomy,  he  will  no  better  apprehend  what  I 
shall  deliver  concerning  generation,  than  a  man  born 
blind  can  judge  of  the  nature  and  difference  of  colours, 
or  one  born  deaf,  of  sounds."  "  If  we  do  otherwise,  we 
may  get  a  humid  and  floating  opinion,  but  never  a  solid 
and  infallible  knowledge :  as  is  happenable  to  those  who 
see  foreign  countries  only  in  maps,  and  the  bowels  of 
men  falsely  described  in  anatomical  tables.  And  hence 
it  comes  about,  that  in  this  rank  age,  we  have  many 
sophisters  and  bookwrights,  but  few  wise  men  and  philo- 
sophers." He  had  before  declared  ^^how  unsafe  and 
degenerate  a  thing  it  is,  to  be  tutored  by  other  men's 
commentaries,  without  making  trial  of  the  things  them- 
selves; especially  since  Nature's  book  is  so  open  and 
legible."  We  are  here  reminded  of  Galileo's  condemna- 
tion of  the  "  paper  philosophers."  The  train  of  thought 
thus  expressed  by  the  practical  discoverers,  spread  rapidly 
with  the  spread  of  the  new  knowledge  that  had  suggested 
it,  and  soon  became  general  and  unquestioned. 

II.  Descartes. — Such  opinions  are  now  among  the 
most  familiar  and  popular  of  those  which  are  current 
among  writers  and  speakers  ;  but  we  should  err  much  if 
we  were  to  imagine  that  after  they  were  once  propounded 
they  were  never  resisted  or  contradicted.  Indeed,  even 
in  our  own  time,  not  only  are  such  maxims  very  fre- 
quently practically  neglected  or  forgotten,  but  the  oppo- 
site opinions,  and  views  of  science  quite  inconsistent  with 
those  we  have  been  explaining,  are  often  promulgated 
and  widely  accepted.  The  philosophy  of  pure  ideas  has 
its  commonplaces,  as  well  as  the  philosophy  of  experience. 
And  at  the  time  of  which  we  speak,  the  former  philo- 
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sophy;  no  less  than  the  latter^  had  its  great  asterter  ud 
expounder ;  a  man  in  his  own  time  more  admired  thiii 
Baeon,  r^arded  with  more  deference  by  a  large  body  of 
disciples  all  over  Europe,  and  more  powerful  in  Btirnag 
np  men's  minds  to  a  new  activity  of  inquiry.     I  apeak  of 
Descartes,  whose  labours,  considered  as  a  philosophical 
system,  were  an  endeavour  to  revive  the  method  of  ob< 
taining  knowledge  by  reasoning  from  our  own  ideas  only; 
and  to  erect  it  in  opposition  to  the  method  of  obeervatioB 
and  experiment.     The  Cartesian  philosophy  contained  sa 
attempt  at  a  counter-revolution.     Thus  in  this  authoi^s 
Principia  PhilosopAite^y  he  says  that  ^he   vriU  give  s 
short  account  of  the  principal  phenomena  of  the  wwU, 
not  that  he  may  use  them  as  reasons  to  prove  aujrthing; 
for,"  adds  he,  **  we  desire  to  deduce  effects  from  causes, 
not  causes  from  effects ;  but  only  in  order  that  out  of  the 
innumerable  effects  which  we  learn  to  be  capable  of  ie» 
Suiting  from  the  same  causes,  we  may  determine  our 
mind  to  condder  some  rather  than  others.**     He  had 
before  said,  **  The  principles  which  we  have  obtained  [by 
pure  d  priori  reasoning]  are  so  vast  and  so  fruitful,  that 
many  more  consequences  follow  from  them  than  we  see 
contained  in  this  visible  world,  and  even  many  more  than 
our  mind  can  ever  take  a  full  survey  of."     And  he  pro- 
fesses to  apply  this  method  in  detail.     Thus  in  attempt- 
ing to  state  the  three  fundamental  laws  of  motion,  he 
employs  only  <i  priori  reasonings,  and  is  in  fact  led  into 
error  in  the  third  law  which  he  thus  obtainsf .     And  in 
his  Dioptrics\  he  pretends  to  deduce  the  laws  of  reflee* 
tion  and  refraction  of  light  from  certain  comparisons 
(which  are,  in  truth,  arbitrary,)  in  which  the  radiation  of 
light  is  represented  by  the  motion  of  a  ball  impinging 
upon  the  reflecting  or  refracting  body.     It  might  be 
represented  as  a  curious  instance  of  the  caprice  of  fortune^ 

*  Paw  lii.  p.  45.        t  See  ffiit.  Ind.  /SK.,  li.  60.        J:  Cap.  i.  ii. 
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which  appears  in  scientific  as  in  other  history,  that  Kep- 
ler, professing  to  derive  all  his  knowledge  from  experi«- 
ence,  and  exerting  himself  \dth  the  greatest  energy  and 
perseyerance,  failed  in  detecting  the  law  of  refraction ; 
while  Descartes,  who  professed  to  ^be  able  to  despise 
experiment,  obtained  the  true  law  of  sines.  But  as  we 
have  stated  in  the  History*,  Descartes  appears  to  have 
learnt  this  law  from  Snell's  papers.  And  whether  this 
be  so  or  not,  it  is  certain  that  notwithstanding  the  pro- 
fession of  independence  which  his  philosophy  made,  it 
was  in  reality  constantly  guided  and  instructed  by  expe- 
rience. Thus  in  explaining  the  Rainbow  (in  which  his 
portion  of  the  discovery  merits  great  praise)  he  speaksf 
of  taking  a  globe  of  glass,  allowing  the  sun  to  shine  on 
one  side  of  it,  and  noting  the  colours  produced  by  rays 
after  two  refractions  and  one  reflection.  And  in  many 
other  instances,  indeed  in  all  that  relates  to  physics,  the 
reasonings  and  explanations  of  Descartes  land  his  fol- 
lowers were,  consciously  or  unconsciously,  directed  by 
the  known  facts,  which  they  had  observed  themselvefs  or 
learnt  from  others. 

But  since  Descartes  thus,  speculatively  at  least,  set 
himself  in  opposition  to  the  great  reform  of  scientifie 
method  which  was  going  on  in  his  time,  how,  it  may  be 
asked,  did  he  acquire  so  strong  an  influence  over  the 
most  active  minds  of  his  time  ?  How  is  it  that  he  be- 
came the  founder  of  a  large  and  distinguished  school  of 
philosophers  ?  How  is  it  that  he  not  only  was  mainly 
instrumental  in  deposing  Aristotle  from  his  intellectual 
throne,  but  for  a  time  appeared  to  have  established  him^ 
self  with  almost  equal  powers,  and  to  have  rendiered  the 
Cartesian  school  as  firm  a  body  as  the  Peripatetic  had 
been? 

«  HUt.  Ind.  Set.,  ii.  34%  t  MeUorum^  e.  8>  p.  187. 
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The  causes  to  be  assigned  for  this  remarkable  result 
are,  I  conceivoy  the  following.  In  the  first  place,  the 
physicists  of  the  Cartesian  school  did,  as  I  bave  just 
stated,  found  their  philosophy  upon  experiment ;  and  did 
not  practically,  nor  indeed,  most  of  them,  tbeoreticallj, 
assent  to  their  master^s  boast  of  showing  what  the  phe- 
nomena must  bey  instead  of  looking  to  see  what  tbey  art 
And  as  Descartes  had  really  incorporated  in  his  philo- 
sophy all  the  chief  physical  discoveries  of  bis  own  and 
preceding  times,  and  had  delivered,  in  a  more  general  and 
systematic  shape  than  any  one  before  him,  the  principles 
which  he  thus  established,  the  physical  philosophy  of  his 
school  was  in  reality  far  the  best  then  current ;  and  was 
an  inmiense  improvement  upon  the  Aristotelian  doctrines, 
which  had  not  yet  been  displaced  as  a  system.  Another 
circumstance  which  gained  him  much  favour,  was  the 
bold  and  ostentatious  manner  in  which  he  professed  to 
begin  his  philosophy  by  liberating  himself  from  all  pre- 
conceived prejudice.  The  first  sentence  of  his  philo- 
sophy contains  this  celebrated  declaration :  **  Since,*'  he 
says,  ^^we  begin  life  as  infants,  and  have  contracted 
various  judgments  concerning  sensible  things  before  we 
possess  the  entire  use  of  our  reason,  we  are  turned  aside 
from  the  knowledge  of  truth  by  many  prejudices :  from 
which  it  does  not  appear  that  we  can  be  any  otherwise 
delivered,  than  if  once  in  our  life  we  make  it  our  business 
to  doubt  of  everything  in  which  we  discern  the  smallest 
suspicion  of  uncertainty."  With  this  sweeping  rejection 
or  unhesitating  scrutiny  of  all  preconceived  opinions,  the 
power  of  the  ancient  authorities  and  masters  in  philo- 
sophy must  obviously  shrink  away;  and  thus  Descartes 
came  to  be  considered  as  the  great  hero  of  the  overthrow 
of  the  Aristotelian  dogmatism.  But  in  addition  to  these 
causes,  and  perhaps  more  powerful  than  all  in  procuring 
the  assent  of  men  to  his  doctrines,  came  the  deductive  and 
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systematic  character  of  his  philosophy.     For  although 
all  knowledge  of  the  external  world  is  in  reality  only 
to  be  obtained  from  observation,  by  inductive  steps, — 
minute,  perhaps,   and  slow,  and  many,  as  Galileo  and 
Bacon  had  already  taught ; — the  human  mind  conforms 
to  these  conditions  reluctantly  and  unsteadily,  and  is  ever 
ready  to  rush  to  general  principles,  and  then  to  employ 
itself  in  deducing  conclusions  from  these  by  synthetical 
reasonings;   a  task  grateful,  from  the  distinctness  and 
certainty  of  the  result,  and  the  accompanying  feeling  of 
our  own  sufficiency.     Hence  men  readily  overlooked  the 
precarious  character  of  Descartes*  fundamental  assump- 
tions, in  their  admiration  of  the  skill  with  which  a  varied 
and  complex  universe  was  evolved  out  of  them.     And 
the  complete  and  systematic  character  of  this  philosophy 
attracted  men  no  less  than  its  logical  connexion.     I  may 
quote  here  what  a  philosopher*  of  our  own  time  has 
said  of  another  writer :  "  He  owed  his  influence  to  various 
causes ;  at  the  head  of  which  may  be  placed  that  genius 
for  system  which,  though  it  cramps  the  growth  of  know- 
ledge, perhaps  finally  atones  for  that  mischief  by  the  zeal 
and  activity  which  it  rouses  among  followers  and  oppo- 
nents, who  discover  truth  by  accident  when  in  pursuit  of 
weapons  for  their  warfare.     A  system  which  attempts  a 
task  so  hard  as  that  of  subjecting  vast  provinces  of  human 
knowledge   to  one  or  two  principles,  if  it  presents  some 
striking  instances  of  conformity  to  superficial  appearances 
is  sure  to  delight  the  framer ;  and  for  a  time  to  subdue 
and  captivate  the  student  too  entirely  for  sober  reflection 
and  rigorous  examination.     In  the  first  instance  consist- 
ency passes  for  truth.     When  principles  in  some  instances 
have  proved  sufficient  to  give  an  unexpected  explanation 
of  facts,  the  delighted  reader  is  content  to  accept   as 
true  all  other  deductions  from  the  principles.     Specious 

*  Mackintosh,  Dinertation  on  Ethical  Science. 
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premises  being  assumed  to  be  truOi  nothing  more  can  be 
required  than  logical  inference.  Mathematical  femur 
pass  current  as  the  equivalent  of  mathematical  certainty. 
The  unwary  admirer  is  satisfied  with  the  completeness 
and  symmetry  of  the  plan  of  his  house,  unmindful  of  the 
need  of  examining  the  firmness  of  the  foundation  and  the 
soundness  of  the  materials.  The  system-maker,  like  the 
conqueror,  long  dazzles  and  overawes  the  world;  but 
when  their  sway  is  past,  the  vulgar  herd,  unable  to 
measure  their  astonishing  faculties,  take  revenge  bj 
trampling  on  fallen  greatness."  Bacon  had  showed  his 
wisdom  in  his  refiections  on  this  subject,  when  he  said 
that  ^*  Method,  carrying  a  show  of  total  and  perfect 
knowledge,  hath  a  tendency  to  generate  acquiescence." 

The  main  value  of  Descartes*  physical  doctrines  con- 
sisted in  their  being  arrived  at  in  a  way  inconsistent  with 
his  own  professed  method,  namely,  by  a  reference  to 
observation.  But  though  he  did  in  reality  begin  from 
facts,  his  system  was  nevertheless  a  glaring  example 
of  that  error  which  Bacon  had  called  Anticipation;  that 
illicit  generalization  which  leaps  at  once  from  special 
facts  to  principles  of  the  widest  and  remotest  kind ;  such, 
for  instance,  as  the  Cartesian  doctrine,  that  the  world  is 
an  absolute  plenum^  every  part  being  full  of  matter  of 
some  kind,  and  that  all  natural  efiects  depend  on  the 
laws  of  motion.  Against  this  fault,  to  which  the  human 
mind  is  so  prone.  Bacon  had  lifted  his  warning  voice 
in  vain,  so  far  as  the  Cartesians  were  concerned;  as  indeed, 
to  this  day,  one  theorist  after  another  pursues  his  course, 
and  turns  a  deaf  ear  to  the  Verulamian  injunctions ;  per- 
haps even  complacently  boasts  that  he  founds  his  theory 
upon  observation;  and  forgets  that  there  are,  as  the 
aphorism  of  the  Novum  Organon  declares,  two  ways  by 
which  this  may  be  done ; — the  one  hitherto  in  use  and 
suggested  by  our  common  tendencies,  but  barren  and 
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worthless ;  the  other  almost  untried,  to  be  pursued  only 
with  effort  and  self-denial,  but  alone  capable  of  producing 
true  knowledge. 

III.  Gassendi. — ^Thus  the  lessons  which  Bacon  taught 
were  far  from  being  generally  accepted  and  applied  at 
first.  The  amount  of  the  influence  of  these  two  men, 
Bacon  and  Descartes,  upon  their  age,  has  often  been  a 
subject  of  discussion.  The  fortunes  of  the  Cartesian 
school,  have  been  in  some  measure  traced  in  the  History 
of  Science.  But  I  may  mention  the  notice  taken  of  these 
two  philosophers  by  Gassendi,  a  contemporary  and  coun- 
tryman of  Descartes.  Gassendi,  as  I  have  elsewhere 
stated,*  was  associated  with  Descartes  in  public  opinion, 
as  an  opponent  of  the  Aristotelian  dogmatism ;  but  was 
not  in  fact  a  follower  or  profound  admirer  of  that  writer. 
In  a  Treatise  on  Logic,  Gassendi  gives  an  account  of  the 
Logic  of  various  sects  and  authors ;  treating,  in  order,  of 
the  Logic  of  Zeno  (the  Eleatic),  of  Euclid  (the  Mega- 
rean),  of  Plato,  of  Aristotle,  of  the  Stoics,  of  Epicurus, 
of  Lullius,  of  Ramus ;  and  to  these  he  adds  the  Logic  of 
Verulam,  and  the  Logic  of  Cartesius.  "  We  must  not,'*  he 
says,  "  on  account  of  the  celebrity  it  has  obtained,  pass 
over  the  Organon  or  Logic  of  Francis  Bacon  Lord  Veru- 
lam, High  Chancellor  of  England,  whose  noble  purpose 
in  our  time  it  has  been,  to  make  an  Instauration  of  the 
Sciences."  He  then  gives  a  brief  account  of  the  Novum 
OrganoUy  noticing  the  principal  features  in  its  rules,  and 
especially  the  distinction  between  the  vulgar  induction 
which  leaps  at  once  from  particular  experiments  to  the 
more  general  axioms,  and  the  chastised  and  gradual  in- 
duction, which  the  author  of  the  Organon  recommends. 
In  his  account  of  the  Cartesian  Logic,  he  justly  observes, 
that  "  He  too  imitated  Verulam  in  this,  that  being  about 
to  build  up  a  new  philosophy  from  the  foundation,  he 

♦  HUt.  Ind.  Scl,  ii.  137- 
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wished  in  the  first  place  to  lay  aside  all  prejudice :  and 
having  then  found  some  solid  principle,  to  make  that  the 
ground-work  of  his  whole  structure.  But  he  proceeds 
by  a  very  different  path  from  that  which  Verulam  follows; 
for  while  Verulam  seeks  aid  from  things,  to  perfect  the 
cogitation  of  the  intellect,  Cartesius  conceives,  that  when 
we  have  laid  aside  all  knowledge  of  things,  there  is,  in  our 
thoughts  alone,  such  a  resource,  that  the  intellect  may  by 
its  own  power  arrive  at  a  perfect  knowledge  of  all,  even 
the  most  abstruse  things." 

The  writings  of  Descartes  have  been  most  admired, 
and  his  method  most  commended,  by  those  authors  who 
have  employed  themselves  upon  metaphysical  rather  than 
physical  subjects  of  inquiry.  Perhaps  we  might  say  that, 
in  reference  to  such  subjects,  this  method  is  not  so  vicious 
as  at  first,  when  contrasted  with  the  Baconian  induction,  it 
seems  to  be  :  for  it  might  be  urged  that  the  thoughts  from 
which  Descartes  begins  his  reasonings  are,  in  reality  ex- 
periments of  the  kind  which  the  subject  requires  us  to 
consider:  each  such  thought  is  a  fact  in  the  intellectual 
world;  and  of  such  facts,  the  metaphysician  seeks  to 
discover  the  laws.  I  shall  not  here  examine  the  validity  of 
this  plea ;  but  shall  turn  to  the  consideration  of  the  actual 
progress  of  physical  science  and  its  effect  on  men's  minds. 

IV.  Actual  progress  in  Scietice, — ^The  practical  discover- 
ers were  indeed  very  active  and  very  successful  during  the 
seventeenth  century  which  opened  with  Bacon's  survey 
and  exhortMions.  The  laws  of  nature,  of  which  men  had 
begun  to  obtain  a  glimpse  in  the  preceding  century,  were 
investigated  with  zeal  and  sagacity,  and  the  consequence 
was  that  the  foundations  of  most  of  the  modem  physical 
sciences  were  laid.  That  mode  of  research  by  experiment 
and  observation,  which  had,  a  little  time  ago,  been  a 
strange,  and  to  many,  an  unwelcome  innovation,  was  now 
become  the  habitual  course  of  philosophers.     The  revolu- 
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tion  from  the  philosophy  of  tradition  to  the  philosophy 
of  experience  was  completed.     The  great  discoveries  of 
Kepler  belonged  to  the  preceding  century.     They  are 
not,  I  believe,  noticed,  either  by  Bacon  or  by  Descartes ; 
but  they  gave  a  strong  impulse  to  astronomical  and  me- 
chanical speculators,  by  showing  the  necessity  of  a  sound 
science  of  motion.      Such  a  science  Galileo  had  already 
begun  to  construct.     At  the  time  of  which  I  speak,  his 
disciples*  were  still  labouring  at  this  task,  and  at  other 
problems  which  rapidly  suggested  themselves.     They  had 
already  convinced  themselves  that  air  had  weight;    in 
1643  Torricelli  proved  this  practically  by  the  invention 
of  the  Barometer;  in  1647,  Pascal  proved  it  still  further 
by  sending   the  Barometer  to  the   top  of  a  mountain. 
Pascal  and  Boyle  brought  into  clear  view  the  fundamental 
laws  of  fluid  equilibrium;  Boyle  and  Mariotte  determined 
the  law  of  the  compression  of  air  as  regulated  by  its  elas- 
ticity.     Otto  Guericke  invented  the  air  pump,  and  by 
his  "Magdeburg  Experiments"  on  a  vacuum,  illustrated 
still  further  the  effects  of  the  air.    Guericke  pursued  what 
Gilbert  had  begun,  the  observation  of  electrical  pheno- 
mena ;  and  these  two  physicists  made  an  important  step, 
by  detecting  repulsion  as  well  as  attraction  in  these  phe- 
nomena.    Gilbert  had  already  laid  the  foundations  of  the 
science  of  Magnetism.     The  law  of  refraction,  at  which 
Kepler  had  laboured  in  vain,  was,  as  we  have  seen,  dis- 
covered by  Snell  (about  1621),  and  published  by  Descartes. 
Mersenne  had  discovered  some  of  the  more  important 
parts  of  the  theory  of  Harmonics.    In  sciences  of  a  differ- 
ent  kind,  the   same  movement  was   visible.     Chemical 
doctrines  tended  to  assume  a  proper  degree  of  generality, 
when  Sylvius  in  1679  taught  the  opposition  of  acid  and 
alkali,  and  Stahl,  soon  after,  the  phlogistic  theory  of  com*. 

*  Ca8tell],  Torricelli,  Yiviani,  Baliani,  Gasscndi,  Mcrscnnc,  Borelli, 
Cavalleri. 
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bastion.  Steno  had  remarked  the  most  important  law  a 
ciystallography  in  1669,  that  the  angles  of  the  same  kinc 
of  crystals  are  always  equal.  In  the  sciences  of  class! 
fication,  about  1680,  Ray  and  Morison  in  England 
resumed  the  attempt  to  form  a  systematic  botany,  whid 
had  been  interrupted  for  a  hundred  years,  from  the  time 
of  the  memorable  essay  of  Csesalpinus.  The  grand  dis- 
covery of  the  circulation  of  the  blood  by  Harvey  aboul 
1619,  was  followed  in  1651  by  Pecquet*s  discovery  of  the 
course  of  the  chyle.  There  could  now  no  longer  be  anj 
question  whether  science  was  progressive,  or  whether 
observation  could  lead  to  new  truths. 

Among  these  cultivators  of  science,  such  sentiments  as 
have  been  already  quoted  became  very  familiar ; — that 
knowledge  is  to  be  sought  from  nature  herself  by  obser- 
vation and  experiment ; — that  in  such  matters  tradition 
is  of  no  force  when  opposed  to  experience,  and  that  mere 
reasonings  without  facts  cannot  lead  to  solid  knowledge. 
But  I  do  not  know  that  we  find  in  these  writers  any  more 
special  rules  of  induction  and  scientific  research  which 
have  since  been  confirmed  and  universally  adopted. 
t  Perhaps  too,  as  was  natural  in  so  great  a  revolution,  the 

j  writers  of  this  time,  especially  the  second-rate  ones,  were 

.^ !  somewhat  too  prone  to  disparage  the  labours  and  talents 

of  Aristotle  and  the  ancients  in  general,  and  to  overlook 
the  ideal  clement  of  our  knowledge,  in  their  zealous  study 
of  phenomena.  They  urged,  sometimes  in  an  exaggerated 
manner,  the  superiority  of  modern  times  in  all  that  regards 
science,  and  the  supreme  and  sole  importance  of  facts  in 
scientific  investigations.  There  prevailed  among  them 
also  a  lofty  and  dignified  tone  of  speaking  of  the  condition 
and  prospects  of  science,  such  as  we  are  accustomed  to 
admire  in  the  Verulamian  writings;  for  this,  in  a  less 
degree,  is  epidemic  among  those  who  a  little  afler  his 
time  speak  of  the  new  philosophy. 


I! 
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V.  Otto  Cruerickej  8fc. — ^I  need  not  illustrate  these 
characteristics  at  any  great  length.  I  may  as  an  example 
notice  Otto  Guericke's  Preface  to  his  Ea^perimenia  Mag^ 
deburgica  (1670).  He  quotes  a  passage  from  Kircher's 
Treatise  on  the  Magnetic  Art,  in  which  the  author  says, 
**  Hence  it  appears  how  all  philosophy,  except  it  be  sup- 
ported by  experiments,  is  empty,  fallacious,  and  useless ; 
what  monstrosities  philosophers,  in  other  respects  of  the 
highest  and  subtlest  genius,  may  produce  in  philosophy  by 
neglecting  experiment.  Thus  Experience  alone  is  the 
Dissolver  of  Doubts,  the  Reconciler  of  Difficulties,  the 
sole  Mistress  of  Truth,  who  holds  a  torch  before  us  in 
obscurity,  unties  our  knots,  teaches  us  the  true  causes  of 
things."  Guericke  himself  reiterates  the  same  remark, 
adding  that  "philosophers,  insisting  upon  their  own 
thoughts  and  arguments  merely,  cannot  come  to  any 
sound  conclusion  respecting  the  natural  constitution  of 
the  world."  Nor  were  the  Cartesians  slow  in  taking  up 
the  same  train  of  reflection.  Thus  Gilbert  Clark  who,  in 
1660,  published*  a  defence  of  Descartes'  doctrine  of  a 
plenum  in  the  universe,  speaks  in  a  tone  which  reminds 
us  of  Bacon,  and  indeed  was  very  probably  caught  from 
him.  "  Natural  philosophy  formerly  consisted  entirely  of 
loose  and  most  doubtful  controversies,  carried  on  in  high 
sounding  words,  fit  rather  to  delude  than  to  instruct  men. 
But  at  last  (by  the  favour  of  the  Deity)  there  shone  forth 
some  more  divine  intellects,  who  taking  as  their  counsel- 
lors reason  and  experience  together,  exhibited  a  new 
method  of  philosophizing.  Hence  has  been  conceived  a 
strong  hope  that  philosophers  may  embrace,  not  a  shadow 
or  empty  image  of  Truth,  but  Truth  herself:  and  that 
Physiology  (Physics)  scattering  these  controversies  to  the 

*  Ih  Plmitudine  Mundi^  in  qua  defendiiur  Carteiiana  Philatcphia 
contra  96HteH$ia9  Fnmciid  Baeaniy  Th.  Hobbn  et  ShM  Wardi, 
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-winds,  will  contract  an  alliance  with  Mathematics.  Yet 
this  is  liardly  the  work  of  one  age;  still  less  of  one  mao. 
Yet  let  not  the  mind  despond,  or  doubt  not  that,  ooe 
party  of  investigators  after  another  following  the  same 
method  of  philosophizing,  at  last,  under  good  auguries, 
the  mysteries  of  nature  being  daily  unlocked  as  far  as 
human  feebleness  will  allow,  Truth  may  at  last  appear  in 
full,  and  these  nuptial  torches  may  be  lighted.** 

As  another  instance  of  the  same  kind,  I  may  quote 
the  Preface  to  the  First  voliime  of  the  Transactions  of 
the  Academy  of  Sciences  at  Paris.  "  It  is  only  since  the 
present  century,"  says  the  writer,  "  that  we  can  reckon 
the  revival  of  Mathematics  and  Physics.  M.  Descartes 
and  other  great  men  have  laboured  at  this  work  with  so 
much  success,  that  in  this  department  of  literature,  the 
whole  face  of  things  has  been  changed.  Men  have  quitted 
a  sterile  system  of  physics,  which  for  several  generations 
had  been  always  at  the  same  point ;  the  reign  of  words 
and  terms  is  passed;  men  will  have  things;  they  estab- 
lish principles  which  they  understand,  they  follow  those 
principles ;  and  thus  they  make  progress.  Authority  has 
ceased  to  have  more  weight  than  Reason:  that  which 
was  received  without  contradiction  because  it  had  been 
long  received,  is  now  examined,  and  often  rejected :  and 
philosophers  have  made  it  their  business  to  consult,  res- 
pecting natural  things,  Nature  herself  rather  than  the 
Ancients."  These  had  now  become  the  commonplaces  of 
those  who  spoke  concerning  the  course  and  method  of  the 
Sciences. 

VI.  Hooke. — In  England,  as  might  be  expected,  the 
influence  of  Francis  Bacon  was  more  directly  visible.  We 
find  many  writers,  about  this  time,  repeating  the  truths 
which  Bacon  had  proclaimed,  and  in  almost  every  case 
showing  the  same  imperfections  in  their  views  which  we 
have  noticed  in  him.     We  may  take  as  an  example  of 
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this  Hooke's  Essay,  entitled  "  A  General  Scheme  or  Idea 
of  the  present  state  of  Natural  Philosophy,  and  how  its 
defects  may  be  remedied  by  a  Methodical  proceeding  in 
the  making  Experiments  and  collecting  Observations ; 
whereby  to  compile  a  Natural  History  as  a  solid  basis  for 
the  superstructure  of  true  Philosophy."     This  Essay  may 
be  looked  upon  as  an  attempt  to  adapt  the  Novum  Or- 
ganon  to  the  age  which  succeeded  its  publication.     We 
have  in  this  imitation,  as  in  the  original,  an  enumeration 
of  various  mistakes  and  impediments  which  had  in  pre- 
ceding times  prevented  the  progress  of  knowledge ;  ex- 
hortations to  experiment  and  observation  as  the  only  solid 
basis  of  Science ;  very  ingenious  suggestions  of  trains  of 
inquiry,  and  modes  of  pursuing  them ;  and  a  promise  of 
obtaining  scientific  truths  when   facts  have   been  duly 
accumulated.     This  last  part  of  his  scheme  the  author 
calls  a  Philosophical  Algebra;    and  he  appears  to  have 
imagined  that  it  might  answer  the  purpose  of  finding 
unknown  causes  from  known  facts,  by  means  of  certain 
regular  processes^  in  the  same  manner  as  Common  Alge- 
bra finds  unknown  from  known  quantities.     But  this  part 
of  the  plan  appears  to  have  remained  unexecuted.     The 
suggestion  of  such  a  method  was  a  result  of  the  Baconian 
notion  that  invention  in  a  discoverer  might  be  dispensed 
with.     We  find  Hooke  adopting  the  phrases  in  which  this 
notion  is  implied:  thus  he  speaks  of  the  understanding 
as  "being  very  prone  to  run  into  the  affirmative  way  of 
judging,  and  wanting  patience  to  follow  and  prosecute 
the  negative  way  of  inquiry,  by  rejection  of  disagreeing 
natures."      And  he  follows  Bacon  also  in  the  error  of 
attempting  at  once  to  obtain  from  the  facts  the  discovery 
of  a  "  nature,"  instead  of  investigating  first  the  measures 
and  the  laws  of  phenomena.    I  return  to  more  general 
notices  of  the  course  of  men's  thoughts  on  this  subject. 
Vn.  Royal  Society — ^Those  who  associated  themselves 


430  BEVIEV  OF  O^NIONB  OV  XVOWJLEDOE. 

together  for  the  prosecution  of  science  quoted  JBaeon  u 
their  leader,  and  exulted  in  the  progress  made  by  the  phi- 
losophy which  proceeded  upon  his  principles.     Thus  is 
Oldenburg's  Dedication  of  the  Tiansaetions  of  the  Boysl 
Society  of  London  for  1670t  to  Robert  Boylfi,  be  mj^l 
^*  I  am  informed  by  such  as  well  remember  tbe  best  and 
worst  days  of  the  famous  Lord  Bacon,  thai  though  he 
wrote  his  Advancement  of  Learning  imd  his  Instamatio 
Magna  in  the  time  of  his  greatest  power,  yet  his  greatest 
reputation  rebounded  first   from  the   most   intelligent 
foreigners  in  many  parts  of  Christendom:'^    and  after 
speaking  of  his  practical  talents  and  his  public  emploj* 
ments,  he  adds,  ^  much  more  justly  still  may  we  wonder 
how,  without  any  great  skill  in  Chemistry,  without  much 
pretence  to  the  Mathematics  or  Mechanics^  without  optio 
aids  or  other  engines  of  late  invention,  he  should  so  much 
transcend    the    philosophers  then   living,  in    judicious 
and  clear  instructions,  in  so  many  useful  observations 
and  discoveries,  I  think  I  may  say  beyond  the  records  of 
many  ages."    And  in  the  end  of  the  Pre&ce  to  the  same 
volume,  he  speaks  with  great  exultation  of  the  advance 
of  science  all  over  Europe,  referring  undoubtedly  to  ftcts 
then  familiar.     ^^  And  now  let  envy  snarl,  it  cannot  stop 
the  Mheels  of  active  philosophy,  in  no  part  of  the  known 
world ; — ^not  in  France,  either  in  Paris  or  in  Caen : — not 
in  Italy,  either  in  Rome,  Naples,  Milan,  Florence,  Venice^ 
Bononia  or  Padua ; — in  none  of  the  Universities  either  on 
this  or  on  that  side  of  the  seas,  Madrid  and  Lisbon,  all 
the  best  spirits  in  Spain  and  Portugal,  and  the  spacious 
and  remote  dominions  to  them  belonging ; — ^the  Imperial 
Court  and  the  Princes  of  Germany ;  the  Northern  Kings 
and  their  best  luminaries ;  and  even  the  frozen  Moscovite 
and  Russian  have  all  taken  the  operative  ferment :  and 
it  works  high  and  prevails  every  way,  to  the  encouiage- 
ment  of  all  sincere  lovers  of  knowledge  and  virtue/' 
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Again,  in  the  Preface  for  1672,  he  pursues  the  same 
thought  into  detail.  <*  We  must  grant  that  in  the  last 
age,  when  operative  philosophy  began  to  recover  groundj 
and  to  tread  on  the  heels  of  triumphant  Philology;  emer- 
gent adventures  and  great  successes  were  encountered 
by  dangerous  oppositions  and  strong  obstructions.  Gali- 
laeus  and  others  in  Italy  suffered  extremities  for  their 
celestial  discoveries;  and  here  in  England  Sir  Walter 
Balejgh,  when  he  was  in  his  greatest  lustre,  was  noto- 
riously slandered  to  have  erected  a  school  of  atheism, 
because  he  gave  countenance  to  chemistry,  to  practical 
arts,  and  to  curious  mechanical  operations,  and  designed 
to  form  the  best  of  them  into  a  college.  And  Queen 
Elizabeth's  Gilbert  was  a  long  time  esteemed  extra- 
vagant for  his  magnetisms ;  and  Harvey  for  his  diligent 
researches  in  pursuance  of  the  circulation  of  the  blood. 
But  when  our  renowned  Lord  Bacon  had  demonstrated 
the  methods  for  a  perfect  restoration  of  all  parts  of  real 
knowledge;  and  the  generous  and  philosophical  Peire- 
fikius  had,  aoon  after,  agitated  in  all  parts  to  redeem  the 
most  instructive  antiquities,  and  to  excite  experimental 
ossays  and  fresh  discoveries;  the  success  became  on  a 
«udden  stupendous;  and  effective  philosophy  began  to 
sparkle,  and  even  to  flow  into  beams  of  shining  light  all 
over  the  world," 

The  formation  of  the  Royal  Society  of  London  and 
of  the  Academy  of  Sciences  of  Paris,  from  which  pro- 
ceeded the  declamations  just  quoted,  were  among  many 
indications,  belonging  to  this  period,  of  the  importance 
which  states  as  well  as  individuals  had  by  this  time 
begun  to  attach  to  the  cultivation  of  science.  The 
English  Society  was  established  almost  impiediately 
/  when  the  restoration  of  the  monarchy  appeared  to  give  a 
promise  of  tranquillity  to  the  nation  (in  1660),  and  the 
French  Acadenoty  vegy  soon  afterwards  (in  1666).    These 
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measures  were  very  soon  followed  by  the  establishment 
of  the  Observatories  of  Paris  and  Greenwich  (in  1667 
and  1675);  which  may  be  considered  to  be  a  kind  of  public 
recognition  of  the  astronomy  of  observation,  as  an  object 
on  which  it  was  the  advantage  and  the  dutj  of  naticHU 
to  bestow  their  wealth. 

VIII.  Bacon's  New  Atalantis. — WJien  philosophers  had 
their  attention  turned  to  the  boundless  prospect  of  increase 
to  the  knowledge  and  powers  and  pleasures  of  man  which 
the  cultivation  of  experimental  philosophy  seemed  to  pro- 
mise, it  was  natural  that  they  should  think  of  deyisiiig 
institutions  and  associations  by  which  such  benefits  might 
be  secured.  Bacon  had  drawn  a  picture  of  a  society 
organized  with  a  view  to  such  purpose,  in  his  fiction  of  the 
"  New  Atalantis."  The  imaginary  teacher  who  exphuns 
this  institution  to  the  inquiring  traveller,  describes  it  by 
the  name  of  Solomon's  House;  and  says  *,  "  The  end  of  our 
foundation  is  the  knowledge  of  causes  and  secret  motions 
of  things ;  and  the  enlarging  the  bounds  of  the  human 
empire  to  effecting  of  things  possible."  And,  as  parts 
of  this  House,  he  describes  caves  and  wells,  chambers 
and  towers,  baths  and  gardens,  parks  and  pools,  dispen- 
satories and  furnaces,  and  many  other  contrivancesf,  pro- 
vided for  the  purpose  of  making  experiments  of  many 
kinds.  He  describes  also  the  various  employments  of  the 
Fellows  of  this  College,  who  take  a  share  in  its  re- 
searches. There  are  merchants  of  lights  who  briug  books 
and  inventions  from  foreign  countries ;  depredcUorSy  who 
gather  the  experiments  which  exist  in  books ;  mystery' 
men^  who  collect  the  experiments  of  the  mechanical  arts ; 
pioneers  or  minerSy  who  invent  new  experiments ;  and 
compilersy  "  who  draw  the  experiments  of  the  former  into 
titles  and  tables,  to  give  the  better  light  for  the  drawing 
of  observations  and  axioms  out  of  them."     There   are 

*  Bacon's  Worki^  vol.  ii.  111. 


FROM   BAC3N   TO   NEWTON*.  433 

also  dotmy-men  or  benefactors^  that  cast  about  how  to 
draw  out  of  the  experiments  of  their  fellows  things  of 
use  and  practice  for  man's  life ;  lamps^  that  direct  new 
experiments  of  fi  more  penetrating  light  than  the  former; 
inocidatorsy  that  execute  the  experiments  so  directed. 
Finally,  there  are  the  interpreters  ofnature^  that  raise  the 
former  discoveries  by  experiments  into  greater  obser- 
vations (that  is,  more  general  truths)  axioms  and  aphor- 
isms. Upon  this  scheme  we  may  remark,  that  fictitious 
as  it  undisguisedly  is,  it  still  serves  to  exhibit  very 
clearly  some  of  the  main  features  of  the  author's  philo- 
sophy:— namely,  his  steady  view  of  the  necessity  of 
ascending  from  facts  to  the  most  general  truths  by  se- 
veral stages ; — an  exaggerated  opinion  of  the  aid  that 
could  be  derived  in  such  a  task  from  technical  separation 
of  the  phenomena  and  a  distribution  of-  them  into 
tables ; — a  belief,  probably  incorrect,  that  the  oflSces  of 
experimenter  and  interpreter  may  be  entirely  separated, 
and  pursued  by  different  persons  with  a  certainty  of 
obtaining  success ; — and  a  strong  determination  to  make 
knowledge  constantly  subservient  to  the  uses  of  life. 

IX.  Cowley. — Another  project  of  the  same  kind,  less 
ambitious  but  apparently  more  directed  to  practice,  was 
published  a  little  later  (1657)  by  another  eminent  man 
of  letters  in  this  country.  I  speak  of  Cowley's  "  Propo- 
sition for  the  Advancement  of  Experimental  Philosophy." 
He  suggests  that  a  College  should  be  established  at  a 
short  distance  from  London,  endowed  with  a  revenue 
of  four  thousand  pounds,  and  consisting  of  twenty  pro- 
fessors with  other  members.  The  objects  of  the  labours 
of  these  professors  he  describes  to  be,  first,  to  examine 
all  knowledge  of  nature  delivered  to  us  from  former 
ages  and  to  pronounce  it  sound  or  worthless ;  second,  to 
recover  the  lost  inventions  of  the  ancients;  third,  to 
improve  all  arts  that  we  now  have ;  lastly,  to  discover 

VOL.  II.  2  F 
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Others  that  we  yet  have  not.  In  this  proposal  we  eaonot 
help  marking  the  visible  declension  from  Bacon's  more 
philosophical  view.  For  we  have  here  only  a  very  vague 
indication  of  improving  old  arts  and  discorering  new, 
instead  of  the  two  clear  Verolamian  antitheses,  Expe- 
riments and  Axioms  deduced  from  them,  on  the  one 
hand,  and  on  the  other  an  ascent  to  general  Laws,  and  t 
derivation,  from  these,  of  Arts  for  daily  use.  MoreoTer 
the  prominent  place  which  Cowley  has  assigned  to  the 
verifying  the  knowledge  of  former  ages  and  recovering 
"  the  lost  inventions  and  drowned  laws  of  the  ancients," 
implies  a  disposition  to  think  too  highly  of  traditionarj 
knowledge;  a  weakness  which  Bacon's  scheme  shows 
him  to  have  fully  overcome.  And  thus  it  has  been  np 
to  the  present  day,  that  with  all  Bacon's  mistakes,  in  the 
philosophy  of  scientific  method  few  have  come  np  to 
him,  and  perhaps  none  have  gone  beyond  him, 

Cowley  exerted  himself  to  do  justice  to  the  new  phi- 
losophy in  verse  as  well  as  prose,  and  his  Poem  to  the 
Royal  Society  expresses  in  a  very  noble  manner  those 
views  of  the  histoiy  and  prospects  of  philosophy  which 
prevailed  among  the  men  by  whom  the  Royal  Societj 
was  founded.  The  fertility  and  ingenuity  of  comparison 
which  characterise  Cowley's  poetry  are  well  known  ;  and 
these  qualities  are  in  this  instance  largely  employed  for 
the  embellishment  of  his  subject.  Many  of  the  com- 
parisons which  he  exhibits  are  apt  and  striking.  Philo- 
sophy is  a  ward  whose  estate  (human  knowledge)  is,  in 
his  nonage,  kept  from  him  by  his  guardians  and  tutors; 
(a  case  which  the  ancient  rhetoricians  were  fond  of 
taking  as  a  subject  of  declamation;)  and  these  wrong- 
doers retain  him  in  unjust  tutelage  and  constraint  for 
their  own  purposes ;  until 

Bacon  at  last,  a  mighty  man,  arose, 
(Whom  a  wise  Kin^,  and  Natnre,  chose 
Tjord  Chancellor  of  both  their  laws,) 
And  boldly  undertook  the  injured  pupil's  cause. 
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Again,  Bacon  is  one  who  breaks  a  scarecrow  Priapus 
which  stands  in  the  garden  of  knowledge.  Again,  Bacon 
is  one  who,  instead  of  a  picture  of  painted  grapes,  gives 
us  real  grapes  from  which  we  press  "  the  thirsty  soul's 
refreshing  wine."  Again,  Bacon  is  like  Moses,  who  led 
the  Hebrews  forth  from  the  barren  wildemesp,  and 
ascended  Pisgah; — 

Did  on  the  very  border  stand 

Of  the  blest  promised  land, 
And  from  the  mountain's  top  of  his  exalted  ^it 
Saw  it  himself  and  showed  us  it. 

The  poet  however  adds,  that  Bacon  discovered,  but 
did  not  conquer  this  new  world ;  and  that  the  men 
whom  he  addresses  must  subdue  these  regions.  These 
"  champions  "  are  then  ingeniously  compared  to  Gideon's 
band : 

Their  old  and  empty  pitchers  first  they  brake 
And  with  their  hands  then  lifted  up  the  light* 

There  were  still  at  this  time  some  who  sneered  at  or 
condemned  the  new  philosophy;  but  the  tide  of  popular 
opinion  was  soon  strongly  in  its  favour.  I  have  else- 
where* noticed  a  pasquinade  of  the  poet  Boileau  in 
1682,  directed  against  the  Aristotelians.  At  this  time, 
and  indeed  for  long  afterwards,  the  philosophers  of  France 
were  Cartesians.  Tlie  English  men  of  sciencei  although 
partially  and  for  a  time  they  accepted  some  of  Descartes* 
opinions,  for  the  most  part  carried  on  the  reform  inde* 
pendently,  and  in  pursuance  of  their  own  views.  And 
they  very  soon  found  a  much  greater  leader  than  Des- 
cartes to  place  at  their  head,  and  to  take  as  their  au«> 
thority,  so  far  as  they  acknowledged  authority,  in  their 
speculations.  I  speak  of  Newton,  whose  influence  upon 
the  philosophy  of  science  I  must  now  consider. 

•  ffist.  Ind.  Sci,  ii.  137. 
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Chapter  X III. 
NEWTON. 

1.  Bold  and  extensive  as  had  been  the  anticipatioos 
of  those  whose  minds  were  excited  by  the  promise  of  the 
new  philosophy,  the  discoveries  of  Newton  respectinj 
the  mechanics  of  the  universe,  brought  into  view  truths 
more  general  and  profound  than  those  earlier  philoso- 
phers had  hoped  or  imagined.  With  these  vast  acces- 
sions to  human  knowledge,  men's  thoughts  were  again 
set  in  action  ;  and  philosophers  made  earnest  and  various 
attempts  to  draw,  from  these  extraordinary  advances  in 
science,  the  true  moral  with  regard  to  the  conduct  and 
limits  of  the  human  understanding.  They  not  only  en- 
deavoured to  verify  and  illustrate,  by  these  new  portions 
of  science,  what  had  recently  been  taught  concerning  the 
methods  of  obstaining  sound  knowledge ;  but  they  were 
also  led  to  speculate  concerning  many  new  and  more 
interesting  questions  relating  to  this  subject.  They  sav, 
for  the  first  time,  or  at  least  far  more  clearly  than 
before,  the  distinction  between  the  inquiry  into  the  laws, 
and  into  the  causes  of  phenomena.  They  were  tempted 
to  ask,  how  far  the  discovery  of  causes  could  be  carried ; 
and  whether  it  would  soon  reach,  or  clearly  point  to,  the 
ultimate  cause.  They  were  driven  to  consider  whether 
the  properties  which  they  discovered  were  essential  pro- 
perties of  all  matter,  necessarily  and  primarily  involved 
in  its  essence,  though  revealed  to  us  at  a  late  period  by 
their  derivative  effects.  These  questions  even  now  agi- 
tate the  thoughts  of  speculative  men.  Some  of  them 
have  already,  in  this  work,  been  discussed,  or  arranged 
in  the  places  which  our  view  of  the  philosophy  of  these  \ 
subjects  assigns  to  them.     But  we  must  here  notice  them 
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as  they  occurred  to  Newton  himself  and  his  immediate 
followers. 

2.  The  general  Baconian  notion  of  the  method  of 
philosophizing,  that  it  consists  in  ascending  from  pheno- 
mena, through  various  stages  of  generalization,  to  truths 
of  the  highest  order,  received,  in  Newton's  discovery  of 
the  universal  mutual  gravitation  of  every  particle  of 
matter,  that  pointed  actual  exemplification,  for  want  of 
which  it  had  hitherto  been  almost  overlooked,  or  at 
least  very  vaguely  understood.  That  great  truth,  and 
the  steps  by  which  it  was  established,  afford,  even  now, 
by  far  the  best  example  of  the  successive  ascent,  from 
one  scientific  truth  to  another, — of  the  repeated  tran- 
sition from  less  to  more  general  propositions, — ^which  we 
can  yet  produce ;  as  may  be  seen  in  the  Table  which 
exhibits  the  relation  of  these  steps  in  Book  XL  Newton 
himself  did  not  fail  to  recognize  this  feature  in  the 
truths  which  he  exhibited.  Thus,  he  says*,  "By  the  way 
of  Analysis  we  proceed  from  compounds  to  ingredients; 
as  from  motions  to  the  forces  producing  them;  and  in 
general,  from  effects  to  their  causes,  and  from  particular 
causes  to  more  general  ones,  till  the  argument  end  in  the 
most  general."  And  in  like  manner  in  another  Queryf : 
"The  main  business  of  natural  philosophy  is  to  argue 
from  phenomena  without  feigning  hypotheses,  and  to 
deduce  causes  from  effects,  till  we  come  to  the  First 
Cause,  which  is  certainly  not  mechanical." 

3.  Newton  appears  to  have  had  a  horror  of  the  term 
hypothesis^  which  probably  arose  from  his  acquaintance 
with  the  rash  and  illicit  general  assumptions  of  Descartes. 
Thus  in  the  passage  just  quoted,  after  declaring  that 
gravity  must  have  some  other  cause  than  matter,  he 
says,  "  Later  philosophers  banish  the  consideration  of 
such  a  cause  out  of  Natural  Philosophy,  feigning  hypo- 

*  0j>tic9y  Qi!.  31,  near  the  cnil.  t  Qu.  28. 
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theses  for  explaining  all  things  mechanically,  and  referring 
other  causes  to  metaphysics."  In  the  celebrated  Scho- 
lium at  the  end  of  the  Principia^  he  sajs,  "  Whatever  is 
not  deduced  from  the  phenomena,  is  to  be  termed  %^ 
thesis ;  and  hypotheses,  whether  metaphTsical  or  physical, 
or  occult  causes,  or  mechanical,  have  no  place  in  expen* 
mental  philosophy.  In  this  philosophy,  propositions  an 
deduced  from  phenomena,  and  rendered  general  by  iDdo^ 
tion."  And  in  another  place,  he  arrests  the  course  of  bif 
own  suggestions,  saying,  "  Verum  hypotheses  non  fingo.' 
I  liavo  already  attempted  to  show  that  this  is,  in  realitr, 
a  superstitious  and  self-destructive  spirit  of  speculation. 
Some  hypotheses  are  necessary,  in  order  to  connect  the 
facts  which  are  observed ;  some  new  principle  of  unity 
must  be  applied  to  the  phenomena,  before  induction  can 
be  attempted.  What  is  requisite  is,  that  the  hypothesb 
should  be  close  to  the  facts,  and  not  connected  with  them 
by  other  arbitrary  and  untried  facts;  and  that  the  philoso- 
pher should  be  ready  to  resign  it  as  soon  as  the  facts  refuse 
to  confirm  it.  We  have  seen  in  the  History,  that  it  was  by 
such  a  use  of  hypotheses,  that  both  Newton  himself  and 
Kei)ler,  on  whose  discoveries  those  of  Newton  were 
based,  made  their  discoveries.  The  suppositions  of  a  force 
tending  to  the  sun  and  varying  inversely  as  the  square  of 
the  distance ;  of  a  mutual  force  between  all  the  bodies  of 
the  solar  system  ;  of  the  force  of  each  body  arising  from 
the  attraction  of  all  its  parts ;  not  to  mention  others,  also 
propounded  by  Newton, — were  all  hypotheses  before  they 
were  verified  as  theories.  It  is  related  that  when  New- 
ton was  asked  how  it  was  that  he  saw  into  the  laws  of 
nature  so  much  further  than  other  men,  he  replied,  tiiat 
if  it  were  so,  it  resulted  from  his  keeping  his  thoughts 
steadily  occuj)ied  upon  the  subject  which  was  to  be  thus 
penetrated.  But  what  is  this  occupation  of  the  thoughts, 
if  it  be  not  the  process  of  keeping  the  phenomena  clearly 
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in  view,  and  trying,  one  after  another,  all  the  plausible 
hypotheses  which  seem  likely  to  connect  them,  till  at  last 
the  true  law  is  discovered  ?  Hypotheses  so  used  are  a 
necessary  element  of  discovery. 

4.  With  regard  to  the  details  of  the  process  of  dis« 
CO  very,  Newton  has  given  us  some  of  his  views,  which  are 
well  worthy  of  notice,  on  account  of  their  coming  from 
him ;  and  which  are  real  additions  to  the  philosophy  of 
this  subject.  He  speaks  repeatedly  of  the  analysis  and 
synthesis  of  observed  facts ;  and  thus  marks  certain  steps 
in  scientific  research,  very  important,  and  not,  I  think, 
clearly  pointed  out  by  his  predecessors.  Thus  he  says*, 
^As  in  Mathematics,  so  in  Natural  Philosophy,  the 
investigation  of  difficult  things  by  the  method  of  analysis 
ought  ever  to  precede  the  method  of  composition.  •  This 
analysis  consists  in  making  experiments  and  observations, 
and  in  drawing  general  conclusions  from  them  by  induc- 
tion, and  admitting  of  no  objections  against  the  conclu- 
sions, but  such  as  are  taken  from  experiments  or  other 
certain  truths.  And  although  the  arguing  from  experi- 
ments and  observations  by  induction  be  no  demonstration 
of  general  conclusions ;  yet  it  is  the  best  way  of  arguing 
which  the  nature  of  things  admits  of,  and  may  be  looked 
upon  as  so  much  the  stronger,  by  how  much  the  induction 
is  more  general."  And  he  then  observes,  as  we  have 
quoted  above,  that  by  this  way  of  analysis  we  proceed 
from  compounds  to  ingredients,  fVom  motions  to  forces, 
from  efiects  to  causes,  and  from  less  to  more  general 
causes.  The  analysis  here  spoken  of  includes  the  steps 
which  in  this  work  we  call  the  decomposition  of  facts, 
the  exact  observation  and  measurement  of  the  pheno- 
mena, and  the  colligation  of  facts;  the  necessary  in- 
termediate step,  the  selection  and  ejpplication  of  the 
appropriato  conception^  being  passed  over,  in  the  fear  of 

♦  Op.,  Qii.  31. 
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seeming  to  encourage  the  fabrication  of  hypotheses.  The 
synthesis  of  which  Newton  here  speaks  consists  of  tho« 
steps  of  deductive  reasotnng,  proceeding  from  the  cod- 
ception  once  assumed,  which  are  requisite  for  the  compir 
risen  of  its  consequences  with  the  observed  facts.  This 
statement  of  the  process  of  research,  is,  as  far  as  it  goes, 
perfectly  exact. 

5.  In  speaking  of  Newton's  precepts  on  the  subjert, 
we  are  naturally  led  to  the  celebrated  "  Rules  of  Philo- 
sophizing," inserted  in  the  second  edition  of  the  Prinapia- 
These  rules  have  generally  been  quoted  and  commented 
on  with  an  almost  unquestioning  reverence.  Such  Roles, 
coming  from  such  an  authority,  cannot  fail  to  be  highly 
interesting  to  us;  but  at  the  same  time,  we  cannot  here 
evade  the  necessity  of  scrutinizing  their  truth  and  value, 
according  to  the  principles  which  our  survey  of  this 
subject  has  brought  into  view.  The  Rules  stand  at  the 
beginning  of  that  part  of  the  Principia  (the  Third  Book) 
in  M'liich  he  infers  the  mutual  gravitation  of  the  son, 
moon,  planets,  and  .all  parts  of  each.    They  are  as  follows: 

"  Rule  I.  We  are  not  to  admit  other  causes  of  natural 
things  than  such  as  both  are  true,  and  suffice  for  explain- 
ing their  phenomena. 

"  Rules  II.  Natural  effects  of  the  same  kind  are  to 
be  referred  to  the  same  causes,  as  far  as  can  be  done. 

"  Rule  III.  The  qualities  of  bodies  which  cannot  be 
increased  or  diminished  in  intensity,  and  which  belong  to 
all  bodies  in  which  we  can  institute  experiments,  are  to 
be  held  for  qualities  of  all  bodies  whatever. 

"  Rule  IV.  In  experimental  philosophy,  propositions 
collected  from  phenomena  by  induction,  are  to  be  held  as 
true  either  accurately  or  approximately,  notwithstanding 
contrary  hypotheses;  till  other  phenomena  occur  by 
Mhich  they  may  be  rendered  either  more  accurate  or 
liable  to  exception." 
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In  considering  these  Rules,  we  cannot  help  remarking, 
in  the  first  place,  that  they  are  constructed  with  an  inten- 
tional adaptation  to  the  case  >vith  which  Newton  has  to 
deal, — the  induction  of  Universal  Gravitation ;  and  are 
intended  to  protect  the  reasonings  before  which  they 
stand.  Thus  the  first  Rule  is  designed  to  strengthen  the 
inference  of  gravitation  from  the  celestial  phenomena,  by 
describing  it  as  a  vera  causa,  a  true  cause ;  the  second 
countenances  the  doctrine  that  the  planetary  motions  are 
governed  by  mechanical  forces,  as  terrestrial  motions  are ; 
the  third  rule  appears  intended  to  justify  the  assertion  erf 
gravitation,  as  a  tiniverml  quality  of  bodies;  and  the 
fourth  contains,  along  with  a  general  declaration  of  the 
authority  of  induction,  the  author's  usual  protest  against 
hypotheses,  levelled  at  the  Cartesian  hypotheses  especially. 

6.  Of  the  First  Rule. — We,  however,  must  consider 
these  Rules  in  their  general  application,  in  which  point 
of  view  they  have  often  been  referred  to,  and  have 
had  very  great  authority  allowed  them.  One  of  the 
points  which  has  been  most  discussed,  is  that  maxim 
which  requires  that  the  causes  of  phenomena  which  we 
assign  should  be  true  causes,  verce  causae.  Of  course  this 
does  not  mean  that  they  should  be  the  true  or  right 
cause  ;  for  although  it  is  the  philosopher  s  aim  to  discover 
such  causes,  he  would  be  little  aided  in  his  search  of 
truth,  by  being  told  that  it  is  truth  which  he  is  to  seek. 
The  rule  has  generally  been  understood  to  prescribe  that 
in  attempting  to  account  for  any  class  of  phenomena,  we 
must  assume  such  causes  only,  xi^from  other  co9isiderations, 
we  know  to  exist.  Thus  gravity,  which  was  employed  in 
explaining  the  motions  of  the  moon  and  planets,  was 
already  known  to  exist  and  operate  at  the  earth's  surface. 

Now  the  Rule  thus  interpreted  is,  I  .conceive,  an 
injurious  limitation  of  the  field  of  in<luction.  For  it 
forbids  us  to  look  for  a  cause,  except  among  the  causes 
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ivith  which  we  are  already  familiar.  But  if  we  follow  this 
rule,  how  shall  we  ever  become  acquainted  with  auj  new 
cause  ?  Or  how  do  we  know  that  the  phenomena  wtuch 
we  contemplate  do  really  arise  fh>m  some  cause  whidi 
we  already  truly  know  ?  If  they  do  not»  must  we  still 
insist  upon  making  them  depend  upon  some  of  our  Imon 
causes ;  or  must  we  abandon  the  study  of  them  altog^ 
ther  ?  Must  we,  for  example,  resolve  to  refer  the  action 
of  radiant  heat  to  the  air,  rather  than  to  any  peculiar 
fluid  or  ether,  because  the  former  is  known  to  exist,  the 
latter  is  merely  assumed  for  the  purpose  of  explanation? 
But  why  should  we  do  this  ?  Why  should  we  not  endea- 
vour to  learn  tbe  cause  from  the  effects,  even  if  it  be  not 
already  known  to  us  ?  We  can  infer  causesf,  which  are 
new  when  we  first  became  acquainted  with  them.  Che- 
mical Forces,  Optical  Forces,  Vital  Forces,  are  known  to 
us  only  by  chemical  and  optical  and  vital  phenomena;  must 
we,  therefore,  reject  their  existence  or  abandon  their 
study  ?  They  do  not  conform  to  the  double  condition, 
that  they  shall  be  suflicient  and  also  real :  they  are  true, 
only  so  far  as  they  explain  the  facts,  but  are  they,  there* 
fore,  unintelligible  or  useless  ?  Are  they  not  highly  im- 
portant and  instructive  subjects  of  speculation  ?  And  if 
the  gravitation  which  rules  the  motions  of  the  planets 
had  not  existed  at  the  earth's  surface ; — if  it  had  been 
there  masked  and  concealed  by  the  superior  effect  of 
magnetism,  or  some  other  extraneous  force,  might  not 
Newton  still  have  inferred,  from  Kepler's  laws,  the  ten- 
dency of  the  planets  to  the  sun ;  and  from  their  pertur* 
bations,  their  tendency  to  each  other  ?  His  discoveries 
would  still  have  been  immense,  if  the  cause  which  he 
assigned  had  not  been  a  re?*a  causa  in  the  sense  now 
contemplated. 

7.  But  what  do  we  mean  by  calling  gravity  a  "  true 
cause  ?"    How  do  we  learn  its  reality  ?    Of  course,  by  its 
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effects,  with  which  we  are  familiar ; — ^by  the  weight  and  ' 
fall  of  bodies  about  us.  These  strike  even  the  most 
careless  observer.  No  one  can  fail  to  see  that  all  bodies 
which  we  come  in  contact  with  are  heavy  ; — that  gravity 
acts  in  our  neighbourhood  here  upon  earth.  Hence,  it 
may  be  said,  this  cause  is  at  any  rate  a  true  cause,  whether 
it  explains  the  celestial  phenomena  or  not. 

But  if  this  be  what  is  meant  by  a  vera  causa^  it  appears 
strange  to  require  that  in  all  cases  we  should  find  such  a 
one  to  account  for  all  classes  of  phenomena.  Is  it  rea^ 
sonable  or  prudent  to  demand  that  we  shall  reduce  every 
set  of  phenomena,  however  minute,  or  abstruse,  or  com- 
plicated, to  causes  so  obviously  existing  as  to  strike  the 
most  incurious,  and  to  be  familiar  among  men?  How 
can  we  expect  to  find  such  vera  causes  for  the  delicate 
and  recondite  phenomena  which  an  exact  and  skilful 
observer  detects  in  chemical,  or  optical,  or  electrical 
experiments?  The  facts  themselves  are  too  fine  for 
vulgar  apprehension;  their  relations,  their  symmetries, 
their  measures  require  a  previous  discipline  to  understand 
them.  How  then  can  their  causes  be  found  among  those 
agencies  with  which  the  common  unscientific  herd  of 
mankind  are  familiar?  What  likelihood  is  there  that 
causes  held  for  real  by  such  persons,  shall  explain  facts 
which  such  persons  cannot  see  or  cannot  understand  ? 

Again :  if  we  give  authority  to  such  a  rule,  and  require 
that  the  causes  by  which  science  explains  the  facts  which 
she  notes  and  measures  and  analyses,  shall  bo  causes 
which  men,  without  any  special  study,  have  already  come 
to  believe  in,  from  the  effects  which  they  casually  see 
around  them,  what  is  this,  except  to  make  our  first  rude 
and  unscientific  persuasions  the  criterion  and  test  of  our 
most  laborious  and  thoughtful  inferences?  What  is  it, 
but  to  give  to  ignorance  and  thoughtlessness  the  right  of 
pronouncing  upon  the  convictions  of  intense  study  and 
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long  disciplined  thought?  •'Electrical  atmospheres' 
surrounding  electrized  bodies,  were  at  one  time  held  to 
be  a  "  true  cause"  of  the  effects  which  8uch  bodiiss  produce. 
These  atmospheres,  it  was  said,  are  obvious  to  the  senses; 
we  feel  them  like  a  spider's  web  on  the  hands  and  fiice. 
^pinus  had  to  answer  such  persons,  by  proving  that  there 
are  no  atmospheres,  no  effluvia,  but  only  repulsion. 
He  thus,  for  a  true  cause  in  the  vulgar  sense  of  the  tenn, 
substituted  an  hypothesis ;  yet  who  doubts  that  what  he 
did  was  an  advance  in  the  science  of  electricity  ? 

8.  Perhaps  some  persons  may  be  disposed  to  say,  that 
Newton's  Rule  does  not  enjoin  us  to  take  those  causes 
only  which  we  clearly  know,  or  suppose  we  know,  to  be 
really  existing  and  operating,  but  only  causes  of  such  kinds 
as  we  have  already  satisfied  ourselves  do  exist  in  nature. 
It  may  be  urged  that  we  are  entitled  to  infer  that  the 
planets  are  governed  in  their  motions  by  an  attractive 
force,  because  we  find,  in  the  bodies  immediately  subject  to 
observation  and  experiment,  that  such  motions  are  produced 
by  attractive  forces,  for  example  by  that  of  the  earth.  It 
may  be  said  that  we  might  on  similar  grounds  infer  forces 
which  unite  particles  of  chemical  compounds,  or  deflect 
pai-ticlcs  of  light,  because  we  see  adhesion  and  deflection 
produced  by  forces. 

But  it  is  easy  to  show  that  the  Rule,  thus  laxly  un- 
derstood, loses  all  significance.  It  prohibits  no  liypotbc- 
sis ;  for  all  hypotheses  suppose  causes  such  asy  in  sonic 
case  or  other,  we  have  seen  in  action.  No  one  would  think 
of  explaining  i)henomena  by  referring  them  to  forces  and 
agencies  altogether  different  from  any  which  are  known; 
for  on  this  supposition,  how  could  he  pretend  to  reason 
about  the  effects  of  the  assumed  causes,  or  undertake  to 
prove  that  they  would  explain  the  facts?  Some  close 
similarity  with  some  known  kind  of  cause  is  requisite,  in 
order  that  the  hypothesis  may  have  the  appearance  of  an 
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explanation.      No  forces,  or  virtues,  or  sjrmpatliies,  or 
fluids,  or  ethers,  would  be  excluded  by  this  interpretation 
of  vercB  causa.      Least  of  all,  would  such  an  interpreta- 
tion reject  the  Cartesian  hypothesis  of  vortices;  which 
undoubtedly,  as  I  conceive,  Newton  intended  to  condemn 
by  his  Rule.     For  that  such  a  case  as  a  whirling  fluid, 
carrying  bodies  round  a  centre  in  orbits,  does  occur,  is  too 
obvious  to  require  proof.     Every  eddying  stream,  or  blast 
that  twirls  the  dust  in  the  road,  exhibits  examples  of  such 
action,  and  would  justify  the  assumption  of  the  vortices 
which  carry  the  planets  in  their  courses ;  as  indeed,  with- 
out doubt,  such  facts  suggested  the  Cartesian  explanation 
of  the  solar  system.     The  vortices,  in  this  mode  of  con- 
sidering the  subject,  are  at  the  least  as  real  a  cause  of 
motion  as  gravity  itself. 

9.  Thus  the  Rule  which  enjoins  "  true  causes,"  is  nuga^ 
tory,  if  we  take  vera  causte  in  the  extended  sense  of  any 
causes  of  a  real  kind^  and  unphilosophical  if  we  under- 
stand the  term  of  those  very  causes  which  we  familiarly 
suppose  to  exist.     But  it  may  be  said  that  we  are  to 
designate  as  "  true  causes,"  not  those  which  are  collected 
in  a  loose,  confused  and  precarious  manner,  by  undisci- 
plined minds,  from  obvious  phenomena,  but  those  which 
are  justly  and  rigorously  inferred.     Such  a  cause,  it  may 
be  added,  gravity  is;    for  the  facts   of  the  downward 
pressures  and  downward  motions  of  bodies  at  the  earth's 
surface  lead  us,  by  the  plainest  and  strictest  induction,  to 
the  assertion  of  such  a  force.     Now  to  this  interpretation 
of  the  Rule  there  is  no  objection ;  but  then,  it  must  be 
observed,  that  on  this  view,  terrestrial  gravity  is  inferred 
by  the  same  process  as  celestial   gravitation ;  and  the 
cause  is  no  more  entitled  to  be  called  "  true,"  because  it  is 
obtained  from  the  former,  than  because  it  is  obtained  from 
the  latter  class  of  facts.     We  thus  obtain  an  intelligible 
and  tenable  explanation  of  a  vei'a  causa ;  but  then,  by  this 
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explanation  its  ve7*Hy  ceases  to  be  distinguishable  from 

its  other  condition,  that  it  **  suffices  for  the  explanation  of 

the  phenomena."  The  assumption  of  universal  gravitation 

accounts  for  the  &11  of  a  stone ;  it  also  accounts  for  the 

revolutions  of  the  Moon  or  of  Saturn ;  but  since  both  these 

explanations  are  of  the  same  kind,  we  cannot  with  justice 

make  the  one  a  criterion  or  condition  of  the  admissibility 

of  the  other. 

10.  But  still,  the  Rule,  so  understood,  is  so  far  from 

being  unmeaning  or  frivolous,  that  it  expresses  one  of  the 
most  important  tests  which  can  be  given  of  a  8#und 
physical  theory,     It  is  true,  the  explanation  of  one  set  of 
fiiots  may  be  of  the  same  nature  as  the  explanation  of  the 
other  class :  but  then,  that  the  cause  explains  both  classes, 
gives  it  a  very  different  claim  upon  our  attention  and 
assent  from  that  which  it  would  have  if  it  explained  one 
class  only.    The  very  circumstance  that  the  two  explana* 
tions  coincide,  is  a  most  weighty  presumption  in  their 
favour.     It  is  the  testimony  of  two  witnesses  in  behalf  of 
the  hypoth^is ;  and  in  proportion  as  these  two  witnesses 
are  separate  and  independent,  the  conviction  produced  by 
their  agreement  is  more  and  more  complete.     When  the 
explanation  of  two  kinds  of  phenomena,  distinct  and  not 
apparently  connected,  leads  us  to  the  same  cause,  such  a 
coincidence  does  give  a  reality  to  the  cause,  which  it  has 
not  while  it  merely  accounts  for  those  appearances  which 
suggested  the  supposition.     This  coincidence  of  propo- 
sitions inferred  from  separate  classes  of  facts,  is  exactly 
what  we  noticed  in  the  last  Book,  as  one  of  the  most 
decisive  characteristics  of  a  true  theory,  under  the  name 
of  the  Consilience  of  Inductions. 

That  Newton's  First  Rule  of  Philosophizing,  so  under* 
stood,  authorizes  the  inferences  which  he  himself  made,  is 
really  the  ground  on  which  they  are  so  firmly  believed 
by  philosophers.    Thus  when  the  doctrine  of  a  gravity 
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Tarying  inversely  as  the  square  of  the  distance  from  the 
body,  accounted  at  the  same  time  for  the  relations  of 
times  and  distances  in  the  planetary  orbits  and  for  the 
amount  of  the  moon's  defteotion  iVom  the  tangent  of  her 
orbit,  such  a  doctrine  became  most  convincing !  or  again, 
-when  the  doctrine  of  the  universal  gravitation  of  all  parts 
of  matter,  which  explained  so  admirably  the  inequalities 
of  the  moon's  motions,  also  gave  a  satisfactory  account  of 
a  phenomenon  utterly  different,  the  precession  of  the 
equinoxes.  And  of  the  same  kind  is  the  evidence  in 
favour  of  the  undulatory  theory  of  light,  when  the  as- 
sumption of  the  length  of  an  undulation,  to  which  we  are 
led  by  the  colours  of  thin  plates,  is  found  to  be  identical 
with  that  length  which  explains  the  phenomena  of  diffrac- 
tion •  or  when  the  hypothesis  of  transverse  vibrations, 
suggested  by  the  facts  of  polarization,  explains  also  the 
laws  of  double  refraction.  When  such  a  convergence  of  two 
trains  of  induction  points  to  the  same  spot,  we  can  no 
longer  suspect  that  we  are  wrong.  Such  an  accumula- 
tion of  proof  really  persuades  us  that  we  have  to  do  with 
a  vera  causa.  And  if  this  kind  of  proof  be  multiplied ; — if 
we  again  find  other  facts  of  a  sort  uncontemplated  in 
framing  our  hypothesis,  but  yet  clearly  accounted  for  when 
we  have  adopted  the  supposition ; — ^we  are  still  further 
confirmed  in  our  belief;  and  by  such  accumulation  of 
proof  we  may  bo  so  far  satisfied,  as  to  believe  without 
conceiving  it  possible  to  doubt.  In  this  case,  when  the 
validity  of  the  opinion  adopted  by  us  has  been  repeatedly 
confirmed  by  its  suflficiency  in  unforeseen  cases,  so  that 
all  doubt  is  removed  and  forgotten,  the  theoretical  cause 
takes  its  place  among  the  realities  of  the  world,  and 
becomes  a  true  cause. 

11.  Newton^s  Rule  then,  to  avoid  mistakes,  might  be 
thus  expressed ;  That  "  we  may,  provisorily,  assume  such 
hypothetical  cause  as  will  account  for  any  given  class  of 
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natural  phenomena ;  but  that  when  two  different  classes 
of  facts  lead  us  to  the  same  hypothesis,  we  may  hold  it 
to  be  a  true  cainse^  And  this  Rule  will  rarely  or  never 
mislead  us.  There  are  no  instances,  in  which  a  doctrine 
recommended  in  this  manner  has  afterwards  been  discov- 
ered to  be  false.  There  have  been  hypotheses  which  have 
explained  many  phenomena,  and  kept  their  ground  long, 
and  have  afterwards  been  rejected.  But  these  have  been 
hypotheses  which  explained  only  one  class  of  phenomena ; 
and  their  fall  took  place  when  another  kind  of  facts 
was  examined  and  brought  into  conflict  with  the  former. 
Thus  the  system  of  eccentrics  and  epicycles  accounted  for 
all  the  observed  motions  of  the  planets,  and  was  the  means 
of  expressing  and  transmitting  all  astronomical  knowledge 
for  two  thousand  years.  But  then,  how  was  it  overthrown  ? 
By  considering  the  distances  as  well  as  motions  of  the 
heavenly  bodies.  Here  was  a  second  class  of  facts ;  and 
when  the  system  was  adjusted  so  as  to  agree  with  the  one 
class,  it  was  at  variance  with  the  other.  These  cycles  and 
epicycles  could  not  be  true,  because  they  could  not  be 
made  a  just  representation  of  the  facts.  But  if  the  mea- 
sures of  distance  as  well  as  of  position  had  conspired  in 
pointing  out  the  cycles  and  epicycles,  as  the  paths  of  the 
planets,  the  paths  so  determined  could  not  have  been 
otherwise  than  their  real  paths ;  and  the  epicyclical  theory 
would  have  been,  at  least  geometrically,  true. 

12.  Of  the  Second  Mule. — Newton's  Second  Rule  di- 
rects that  "  natural  events  of  the  same  kind  are  to  be 
referred  to  the  safne  causes^  so  far  as  can  be  done."  Such  a 
precept  at  first  appears  to  help  us  but  little ;  for  all  sys- 
tems, however  little  solid,  profess  to  conform  to  such  a 
rule.  When  any  theorist  undertakes  to  explain  a  class 
of  facts,  he  assigns  causes  which  according  to  him,  will  by 
their  natural  action,  as  seen  in  other  cases,  produce  the 
effects  in  question.     The  events  which  he  accounts  for  by 
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bis  hypothetical  cause,  are,  he  holds,  of  the  same  kind  as 
those  which  such  a  cause  is  known  to  produce.  Kepler, 
in  ascribing  the  planetary  motions  to  magnetism,  Descar- 
tes, in  explaining  them  by  means  of  vortices,  held  that 
they  were  referring  celestial  motions  to  the  causes  which 
give  rise  to  terrestrial  motions  of  the  same  kind.  The 
question  is,  Are  the  effects  of  the  same  kind  ?  This  once 
settled,  there  will  be  no  question  about  the  propriety  of 
assigning  them  to  the  same  cause.  But  the  difficulty  is, 
to  determine  when  events  are  of  the  same  kind.  Are  the 
motions  of  the  planets  of  the  same  kind  with  the  motion 
of  a  body  moving  freely  in  a  curvilinear  path,  or  do  they 
not  rather  resemble  the  motion  of  a  floating  body  swept 
round  by  a  whirling  current  ?  The  Newtonian  and  the 
Cartesian  answered  this  question  differently.  How  then 
can  we  apply  this  Rule  with  any  advantage  ? 

13.  To  this  we  reply,  that  there  is  no  way  of  escaping 
this  uncertainty  and  ambiguity,  but  by  obtaining  a  clear 
possession  of  the  ideas  which  our  hypothesis  involves,  and 
by  reasoning  rigorously  from  them.  Newton  asserts  that 
the  planets  move  in  free  paths,  acted  on  by  certain  forces. 
The  most  exact  calculation  gives  the  closest  agreement 
of  the  results  of  this  hypothesis  with  the  facts,  Descartes 
asserts  that  the  planets  are  carried  round  by  a  fluid.  The 
more  rigorously  the  conceptions  of  force  and  the  laws  of 
motion  are  applied  to  this  hypothesis,  the  more  signal  is 
its  failure  in  reconciling  the  facts  to  one  another.  With- 
out such  calculation  we  can  come  to  no  decision  between 
the  two  hypotheses.  If  the  Newtonian  hold  that  the 
motions  of  the  planets  are  evidently  of  the  same  kind  as 
those  of  a  body  describing  a  curve  in  free  space,  and 
therefore,  like  that,  to  be  explained  by  a  force  acting 
upon  the  body ;  the  Cartesian  denies  that  the  planets  do 
move  in  free  space.  They  are,  he  maintains,  immersed 
in  a  plenum.     It  is  only  when  it  appears  that  comets 
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pass  through  this  plenum  in  all  directions  with  no  impe- 
diment, and  that  no  possible  form  and  motion  of  its 
whirlpools  can  explain  the  forces  and  motions  which  are 
observed  in  the  solar  system,  that  he  is  compelled  to 
allow  the  Newtonian*s  classification  of  events  of  the  sami 
kind. 

Thus  it  does  not  appear  that  this  Rule  ot  Newtto 
can  be  interpreted  in  any  distinct  and  positive  mann^^ 
otherwise  than  as  enjoining  that,  in  the  task  of  induction^ 
We  employ  clear  ideas,  rigorous  reasoning,  and  close  and 
feir  comparison  of  the  results  of  the  hypothesis  with  the 
fticts.  These  are,  no  doubt,  important  and  fundamental 
conditions  of  a  just  induction ;  but  in  this  injunction  we 
find  no  peculiar  or  technical  criterion  by  which  we  may 
satisfy  ourselves  that  we  are  right,  or  detect  our  errors. 
Still,  of  such  general  prudential  rules,  none  cah  be 
more  wise  than  one  which  thus,  in  the  task  of  connecting 
facts  by  means  of  ideas,  recommends  that  the  ideas  be 
clear,  the  facts  correct,  and  the  chain  of  reasoning  which 
connects  them  without  a  flaw. 

14.  Of  Ihe  Third  iZttfe.— The  Third  Rule,  that  "  qua- 
lities which  are  observed  without  exception  be  held  td 
be  uhiversal, '^  as  I  have  already  said,  seems  to  be 
intended  to  authorize  the  assertion  of  gravitation  as  a 
universal  attribute  of  matter.  We  formerly  stated,  in 
treating  of  Mechanical  Ideas*,  that  this  application  of 
such  a  Rule  appears  to  be  a  mode  of  reasoning  for  from 
conclusive.  The  assertion  of  the  universality  of  any  pro- 
perty of  bodies  must  be  grounded  upon  the  reason  of  the 
case,  and  not  upon  any  arbitrary  maxim.  Is  it  intended 
by  this  Rule  to  prohibit  any  further  examination  how  fkr 
gravity  Is  an  original  property  of  matter,  and  how  fiar  it 
m&y  be  resolved  into  the  result  of  other  agencies  ?  We 
know  perfectly  well  that  this  was  not  Newton's  intention ; 

^  Book  iii.  c.  10. 
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since  the  cause  of  gravity  Mas  a  point  which  he  proposed 
to  himself  as  a  subject  of  inquiry.  It  would  certainly  be 
very  unphilosophical  to  pretend,  by  this  Rule  of  Philo* 
8ophizing»  to  prejudge  the  question  of  such  hjrpotheses  as 
that  of  Mosotti,  That  gravity  is  the  excess  of  the  eleo^ 
trical  attraction  over  electrical  repulsion:  and  yet  to 
adopt  this  hypothesis,  would  be  to  suppose  electrical 
forces  more  truly  universal  than  gravity ;  for  according 
to  the  hypothesis,  gravity,  being  the  inequality  of  the 
attraction  and  repulsion,  is  only  an  accidental  and  partial 
relation  of  these  forces.  Nor  would  it  be  allowable  to 
urge  this  Rule  as  a  reason  of  assuming  that  double  stars 
are  attracted  to  each  other  by  a  force  varying  according 
to  the  inverse  square  of  the  distance ;  vnthout  examining, 
as  Herschel  and  others  have  done,  the  orbits  which  they 
really  describe.  But  if  the  Rule  is  not  available  in  such 
cases,  what  is  its  real  value  and  authority  ?  and  in  what 
cases  are  they  exemplified  ? 

15.  In  a  fbrmei*  part  of  this  work*,  it  was  shovm  that 
the  fiindamental  laws  of  motion,  and  the  properties  of 
matter  which  these  involve,  are,  after  a  flill  consideration 
of  the  subject,  unavoidably  assumed  as  universally  true. 
It  was  further  shown,  that  although  our  knowledge  of 
these  laws  and  properties  be  gathered  from  experience, 
we  are  strongly  impelled,  some  philosophers  think  autho- 
rized, to  look  upon  these  as  not  only  universally,  but 
necessarily  true.  It  was  also  stated,  that  the  law  of  gra- 
vitation, though  its  universality  may  be  deemed  probable, 
does  not  apparently  involve  the  same  necessity  ns  the 
fundamental  laws  of  motion.  But  it  was  pointed  out 
that  these  are  some  of  the  most  abstruse  and  difficult 
questions  of  the  whole  of  philosophy ;  involving  the  pro^ 
found,  perhaps  insoluble,  problem  of  the  identity  or  diver- 
sity of  ideas  and  things.    It  cannot,  therefore,  be  deemed 

♦  Book  ill.  c.  9, 10, 11. 
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philosopbical  to  cut  these  Gordian  knots  by  peremptory 
maximSi  which  encourage  us  to  decide  without  rendering 
lk  reason.  Moreover,  it  appears  clear  that  the  reason 
which  is  rendered  for  this  Rule  by  tllfe  Newtonians  i3 
quite  untenable ;  namely,  that  we  know  extension,  hard-* 
nessy  and  inertia,  to  be  universal  qualities  of  bodies  by 
experience  alone,  and  that  we  have  the  same  evidence  of 
experience  for  the  universality  of  gravitation.  We  have 
already  observed  that  we  cannot,  with  any  propriety,  say 
^hat  we  find  by  experience  all  bodies  are  extended.  This 
could  not  be  a  just  assertion,  except  we  could  conceive 
the  possibility  of  our  finding  the  contrary.  But  who  caii 
conceive  our  finding  by  experience  some  bodies  which 
are  not  extended?  It  appears,  then,  that  the  reason 
given  for  the  Third  Rule  of  Newton  involves  a  mistake 
respecting  the  nature  and  authority  of  experience.  And 
the  Rule  itself  cannot  be  applied  without  attempting  to 
decide  by  the  casual  limits  of  observation,  questions  which 
necessarily  depend  upon  the  relations  of  ideas. 

16.  Of  the  Fourth  Mule. — Newton's  Fourth  Rule  is^ 
that  *^  Propositions  collected  from  phenomena  by  induc- 
tion, shall  be  held  to  be  true,  notwithstanding  contrary 
hypotheses ;  but  shall  be  liable  to  be  rendered  more  accu* 
rate,  or  to  have  their  exceptions  pointed  out,  by  addi* 
tional  study  of  phenomena."  This  Rule  contains  little 
more  than  a  general  assertion  of  the  authority  of  induc- 
tion, accompanied  by  Newton's  usual  protest  against 
hypotheses. 

The  really  valuable  part  of  the  Fourth  Rule  is  that 
which  implies  that  a  constant  verification,  and,  if  neces- 
sajy,  rectification,  of  truths  discovered  by  induction,  should 
go  on  in  the  scientific  world.  Even  when  the  law  is,  or 
appears  to  be,  most  certainly  exact  and  universal,  it  should 
be  constantly  exhibited  to  us  afresh  in  the  form  of  expe- 
rience and  observation.     This  is  necessary,  in  order  to 
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discover  exceptions  and  modificationi^  if  such  exist ;  and 
if  the  law  be  rigorously  true,  the  contemplation  of  it,  as 
exemplified  in  the  world  of  phenomena,  will  best  give  us 
that  clear  apprehension  of  its  bearings  which  may  lead  us 
to  see  the  ground  of  its  truth. 

The  concluding  clause  of  this  Fourth  Rule  appears,  at 
first,  to  imply  that  all  inductive  propositions  are  to  be 
considered  as  merely  provisional  and  limited,  and  never 
secure  from  exception.  But  to  judge  thus  would  be  to 
underrate  the  stability  and  generality  of  scientific  truths ; 
for  what  man  of  science  can  suppose  that  we  shall  here- 
after discover  exceptions  to  the  universal  gravitation  of 
all  parts  of  the  solar  system  ?  And  it  is  plain  that  the 
author  did  not  intend  the  restriction  to  be  applied  so 
rigorously ;  for  in  the  Third  Rule,  as  we  have  just  seen, 
he  authorizes  us  to  infer  universal  properties  of  matter 
from  observation,  and  carries  the  liberty  of  inductive 
inference  to  its  full  extent.  The  Third  Rule  appears  to 
encourage  us  to  assert  a  law  to  be  universal,  even  in  cases 
in  which  it  has  not  been  tried ;  the  Fourth  Rule  seems 
to  warn  us  that  the  law  may  be  inaccurate,  even  in  cases 
in  which  it  has  been  tried.  Nor  is  either  of  these  sug- 
gestions erroneous;  but  both  the  universality  and  the 
rigorous  accuracy  of  our  laws  are  proved  by  reference  to 
Ideas  rather  than  to  Experience ;  a  truth  which,  perhaps, 
the  philosophers  of  Newton's  time  were  somewhat  dis- 
posed to  overlook. 

17.  The  disposition  to  ascribe  all  our  knowledge  to 
Experience,  appears  in  Newton  and  the  Newtonians  by 
other  indications;  for  instance,  it  is.peeii  in  thei;*  ext^me 
dislike  to  the  ancient  expressions  by  which  the  principles 
and  causes  of  phenomena  were  described,  m  the,  occult 
causes  of  the  Schoolmen,  Bwd  the  farms  of  the  Aristotelic^ns, 
which  had .  been  adopted  by  Bacon.     Newton  says^,  that 

♦  Optics,  Qu.  31. 
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the  particles  of  matter  not  only  possess  inertia,  but  also  ac- 
tive principles,  as  gravity,  fermentation,  cohesion ;  he  adds, 
**  These  principles  I  consider  not  as  Occult  Qualities,  sup* 
posed  to  result  from  the  Specific  Forms  of  things,  but  as 
General  Laws  of  Nature,  by  which  the  things  themselves 
are  formed :  their  truth  appearing  to  us  by  phenomena, 
though  their  causes  be  not  yet  discovered.  For  these 
are  manifest  qualities,  and  their  causes  only  are  occult. 
And  the  Aristotelians  gave  the  name  of  occult  qualities^ 
not  to  manifest  qualities,  but  to  such  qualities  only  as 
they  supposed  to  lie  hid  in  bodies,  and  to  the  unknown 
causes  of  manifest  effects :  such  as  would  be  the  causes 
of  gravity,  and  of  magnetick  and  electrick  attractions, 
and  of  fermentations,  if  we  should  suppose  that  these 
forces  or  actions  arose  from  qualities  unknown  to  us,  and 
incapable  of  being  discovered  and  made  manifest.  Such 
occult  qualities  put  a  stop  to  the  improvement  of  Natural 
Philosophy,  and  therefore  of  late  years  have  been*  rejected. 
To  tell  us  that  every  species  of  things  'is  endowed  with 
an  occult  specific  quality  by  which  it  acts  and  produces 
manifest  effects,  is  to  tell  us  nothing :  but  to  derive  two 
or  three  general  principles  of  motion  from  phenomena, 
and  afterwards  to  tell  us  how  the  properties  and  actions 
of  all  corporeal  things  follow  from  these  manifest  prin- 
ciples, would  be  a  great  step  in  philosophy,  though  the 
causes  of  those  principles  were  not  yet  discovered :  and 
therefore  I  scruple  not  to  propose  the  principles  of  motion 
above  maintained,  they  being  of  very  general  extent,  and 
leave  their  causes  to  be  found  out.'' 

18.  All  that  is  here  said  is  highly  philosophical  and 
valuable;  but  we  may  observe  that' the  investigatifm  of 
specific  forms^  in  the  sense  in  which  some  writers  had 
used  the  phrase,  was  no  means  a  frivolous  or  unmeaning 
object  of  inquiry.     Bacon  and  others  had  u^ed  ybrm  «s 
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equivalent  to  law*.  If  we  could  ascertain  that  arrange- 
ment of  the  particles  of  a  crystal  from  which  its  external 
crystalline  form  and  other  properties  arise,  this  arrange- 
ment would  be  the  internal  form  of  the  crystal.  If  the 
undulatory  theory  be  true,  the  farm  of  light  is  transverse 
vibrations :  if  the  emission  theory  be  maintained,  the  form 
of  light  is  particles  moving  in  straight  lines,  and  deflected 
by  various  forces.  Both  the  terms,  form  and  laWy  imply 
an  ideal  connexion  of  sensible  phenomena ;  form  supposes 
matter  which  is  moulded  to  the  form;  law  supposes 
objects  which  are  governed  by  the  law.  The  former 
term  refers  more  precisely  to  existences,  the  latter  to 
occurrences.  The  latter  term  is  now  the  more  familiar, 
and  is,  perhaps,  the  better  metaphor :  but  the  former  also 
contains  the  essential  antithesis  which  belongs  to  the 
subject,  and  might  be  used  in  expressing  the  same  con- 
clusions. 

But  occult  causes,  employed  in  the  way  in  which 
Newton  describes,  had  certainly  been  very  prejudicial  to 
the  progress  of  knowledge,  by  stopping  inquiry  with  a 
mere  word.  The  absurdity  of  such  pretended  explana- 
tions had  not  escaped  ridicule.  The  pretended  physician 
in  the  comedy  gives  an  example  of  an  occult  cause  or 

« 

virtue. 

Mihi  demandatnr 
A  dociiflainio  Doetora 
Quari  Opimn  fadi  df nffire : 

*  Nov.  Org.^  lib.  ii.  A}4«  3.  Licet  enfm  in  paiura  nihil  exisiet 
pneter  corpora  individua,  edentia  actus  puros  individuos  ex  lege ;  m 
doctrinis  tamen  ilia  ipsa  lex,  ej  usque  inquisitio,  et  inventio,  et  expli* 
catio,  pro  fundamento  est  tarn  ad  sciendum  quam  ad  operandum. 
Earn  autem  legem^  ejusque  par(Mgrapho$yfiHmwrum  nomine  intelligimus ; 
prassertim  cum  hoc  vocabulum  invaluerit,  et  familiter  occurrat. 

Aph.  17.  Eadem  res  est  forma  calidi  vel  forma  luminis,  et  lex 
calidi  aut  Uao  luminis. 
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Et  ego  respondeo, 
Quia  est  in  eo 
Virtus  dormitiva, 
Cujos  natora  est  sensus  assoupire. 

19.  But  the  most  valuable  part  of  the  view  presented 
to  us  in  the  quotation  just  given  from  Newton  is  the 
distinct  separation,  already  noticed  as  peculiarly  brought 
into  prominence  by  him,  of  the  determination  of  the 
laws  of  phenomena,  and  the  investigation  of  their  causes. 
The  maxim,  that  the  former  inquiry  must  precede  the 
latter,  and  that  if  the  general  laws  of  facts  be  discovered, 
the  result  is  highly  valuable,  although  the  causes  remain 
unknown,  is  extremely  important ;  and  had  not,  I  think, 
ever  been  so  strongly  and  clearly  stated,  till  Newton  both 
repeatedly  promulgated  the  precept,  and  added  to  it  the 
weight  of  the  most  striking  examples. 

We  have  seen  that  Newton,  along  with  views  the 
most  just  and  important  concerning  the  nature  and 
methods  of  science,  had  something  of  the  tendency,  pre- 
val^it  in  his  time,  to  suspect  or  rqject,  at  least  ^ecula- 
tively,  all  elements  of  knowledge  except  observation. 
•This  tendency  was,  however,  in  him  so  corrected  and 
restrained  by  his  own  wonderful  sagacity  fmd  mathema- 
tical habits,  that  it  scarcely  led  to  any  opinion  M^iiph  ^wc 
might  not  safely  adopt.  But  we  must  now  consider  the 
cases  in  which  this  tendetioy  operated  in  a  more  unba- 
lanced manner,  and  led  to  the  assertioh  of  doctrines 
which,  if  consistently  followed,  would  destroy  the  very 
foundations  of  all  general  and  certain  knowledge. 


'■»•■» 
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Chapter  XIV. 
LOCKE  AND  HIS  FRENCH  FOLLOWERS. 

1.  In  the  constant  opposition  and  struggle  of  the 
schools  of  philosophy,  which  consider  our  Senses  and  our 
Ideas,  respectively,  as  the  principal  sources  of  our  know- 
ledge, we  have  seen  that  at  the  period  of  which  we  now 
treat,  the  tendency  was  to  exalt  the  external  and  dis- 
parage the  internal  element.  The  disposition  to  ascribe 
our  knowledge  to  observation  alone,  had  already,  in 
Bacon's  time,  led  him  to  dwell  to  a  disproportionate 
degree  upon  that  half  of  his  subject;  and  had  tinged 
Newton's  expressions,  though  it  had  not  biassed  his  prac- 
tice. But  this  partiality  soon  assumed  a  more  prominent 
shape,  becoming  extreme  in  Locke,  and  extravagant  in 
those  who  professed  to  follow  him. 

Indeed  Locke  appears  to  owe  his  popularity  and 
influence  as  a  popular  writer  mainly  to  his  being  one  of 
the  first  to  express,  in  a  plain  and  unhesitating  manner, 
opinions  which  had  for  some  time  been  ripening  in  the 
minds  of  a  large  portion  of  the  cultivated  public.  Hobbes 
had  already  promulgated  the  main  doctrines,  which 
Locke  afterwards  urged,  on  the  «ubject  of  the  origin  and 
nature  of  our  knowledge:  but  in  him  these  doctrihies 
were  combined  \t^ith-  offensive  opinions  on  points  of 
morals,  government,  and  religion,  so  that  their  access  to 
general  favour  was  impeded :  and  it  was  to  Locke  that 
they  were  indebted  foi*  the  extensive  influence  which  they 
soon  after  obtained.  Locke  owed  this  authority  mainly 
to  the  intellectual  circumstances  of  the  time.  Although 
a  writer  of  great  merit,  he  by  no  means  possesses  such 
metaphysical  acuteness  or  such  philosophical  largeness  of 
view,  or  such  a  charm  of  \mthig,  as  to  give  him  the  high 
place  he  had  held  in  the  literature  of  Europe.     But  he 
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came  at  a  period  when  the  reign  of  Ideas  was  tottering 
to  its  fall.  All  the  most  active  and  ambitious  spirits  had 
gone  over  to  the  new  opinions,  and  were  prepared  to 
follow  the  fortunes  of  the  Philosophy  of  Experiment, 
then  in  the  most  prosperous  and  brilliaut  condition,  and 
full  of  still  brighter  promise.  There  were,  indeed,  a  few 
learned  and  thoughtful  men  who  still  remained  faithful 
to  the  empire  of  Ideals;  partly,  it  may  be,  from  a  too 
fond  attachment  to  ancient  systems;  but  partly,  also, 
because  they  knew  that  there  were  subjects  of  vast  im^ 
portance  in  which  experience  did  not  form  the  wholQ 
foundation  of  our  knowledge.  They  knew,  too,  thltt 
many  of  the  plausible  tenets  of  the  new  philosophy  were 
revivals  of  fallacies  which  had  been  discussed  9^d  refuted 
in  ancient  times.  But  the  advocates  of  mere  experience 
came  on  with  a  vast  store  of  weighty  truth  among  their 
artillery,  and  with  the  energy  which  the  advance  usually 
bestows.  The  ideal  system  of  philosophy  could,  for  the 
present,  make  no  effectual  resistance ;  Locke,  by  putting 
himself  at  the  head  of  the  assault,  became  the  hero  of  his 
flay :  and  his  name  has  been  used  as  the  watchword  of 
those  who  adhere  to  the  philosophy  of  the  senses  up  to 
our  own  times. 

2.  Locke  himself  did  not  assert  the  exclusive  autho- 
rity of  the  senses  in  the  qj^treiae  unmitigated  manner  IP 
which  some  who  call  themselves  his  disciples  have  done. 
But  thi^  is  the  coipmon  lot  of  the  leader^  of  revolutipiif, 
for  they  are  usually  bound  by  soii^q  ties  of  affection  find 
hal^it  to  the  previous  state  of  things,  and  would  not 
destroy  all  traces  of  that  condition:  while  their  foUoweis 
attend,  not  to  their  inconsistent  wishes,  but  to  the  o^eaii- 
ing  of  the  revolution  it£ielf;  and  oarry  out,  to  th^  g^^nu- 
ine  and  complete  results,  the  principles  which  woA  ^^ 
:Vi0tory»  and  M^hioh  b$ve  be^n  brought  out  more  t^Avp 
from  the  oonflict    Thus  Locke  himself  doefii  wt  ftasert 
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that  all  our  ideas  are  derived  from  sensation,  but  from 
sensation  ami  rejection.  But  it  was  easily  seen  that,  in 
this  assertion!  two  very  heterogeneous  elements  were 
conjoined :  that  while  to  pronounce  Sensation  the  origin 
of  ideas  is  a  clear  decided  tenet,  the  acceptance  or  rejec^- 
tion  of  which  determines  the  general  character  of  our 
philosophy;  to  make  the  same  declaration  concerning 
Reflection  is  in  the  highest  degree  vague  and  ambiguous, 
since  reflection  may  either  be  resolved  into  a  mere  modi* 
fication  of  sensation,  as  was  done  by  one  school,  or  may 
mean  all  that  the  opposite  school  oppose  to  sensatioui 
under  the  name  of  Ideas.  Hence  the  clear  and  strong 
impression  which  fastened  upon  men's  minds,  and  which 
does  in  fact  represent  all  the  systematic  and  consistent 
part  of  Lookers  philosophy^  was,  that  in  it  all  our  ideas 
are  represented  as  derived  from  Sensation. 

3.  We  need  not  spend  much  time  in  pointing  out 
the  inconsistencies  into  which  Locke  fell;  as  all  must 
fall  into  inconsistences  who  recognize  no  source  of  know- 
ledge except  the  senses.  Thus  he  maintains  that  our 
Idea  of  Space  is  derived  from  the  senses  of  sight  and 
touch ;  our  Idea  of  Solidity  from  the  touch  alone.  Our 
Notion  of  Substance  is  an  unknown  support  of  unknown 
qualities,  and  is  illustrated  by  the  Indian  fable  of  the 
tortoise  which  supports  the  elephant,  which  supports  th^ 
world.  Our  Notion  of  Power  or  Cause  is  in  like  manner 
got  from  the  senses.  And  ]^t»  though  these  ideas  are 
thus  mere  fragments  of  our  escperience,  Locke  does  not 
hesitate  to  ascrib^  to  them  necessity  and  universality 
when  they  occur  in  propositions.  Thus  he  maintains  the 
necessary  truth  of  geometrical  [properties :  he  asserts  that; 
th^  resistance  arising  from  solidity  is  absolutdy  insur- 
mountable*; he  conceives  that  nothing  short  of  Omni^ 
poteaoe  can  annihilate  a  particle  of  matter  f;  and  he  has 

♦  Book  xl  c  4f  tocf.  3.  t  lb.,  c.  13>  sect,  22. 
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no  misgivings  in  arguing  upon  the  axiom  that  Every  thing 
must  have  a  cause.  He  does  not  perceive  that,  upon  bis 
6wn  account  of  the  origin  of  our  knowledge,  we  can  have 
no  right  to  make  any  of  these  assertions.  If  our  know- 
ledge of  the  truths  which  concern  the  external  world 
were  wholly  derived  from  experience,  all  that  we  could 
venture  to  say  would  be, — ^that  geometrical  properties  of 
iSgures  are  true  n^  far  as  we  have  t^'ied  them; — ^that  we 
have  seen  fw  ea^ample  of  a  solid  body  being  reduced  to 
occupy  less  space  by  pressure,  or  of  a  material  substance 
annihilated  by  natural  means; — and  that  wherever  we 
have  ej^aminedy  we  have  found  that  every  change  has  had 
a  cause.  Experience  can  never  entitle  us  to  declare  that 
what  she  has  not  seen  is  impossible ;  still  less,  that  things 
which  she  can  not  see  are  certain.  Locke  himself 
intended  to  throw  no  doubt  upon  the  certainty  of  either 
human  or  divine  knowledge;  but  his  principles,  when 
men  discarded  the  temper  in  which  he  applied  them, 
and  the  checks  to  their  misapplication  which  he  con- 
ceived that  he  had  provided,  easily  led  to  a  very  com- 
prehensive scepticism.  His  doctrines  tended  to  dislodge 
from  their  true  -bases  the  most  indisputable  parts  of 
knowledge;  as,  for  example,  pure  and  mixed  mathe- 
matics. Tt  may  well  be  supposed,  therefore,  that  they 
shook  the  foundations  of  many  other  parts  of  knowledge 
in  the  tninds  of  common  thinkers. 

It  was  not  long  before  these  consequences  of  the  oveiv 
throw  of  ideas  showed  themselves  in  the  speculative 
world.  I  have  already  in  a  previous  part  of  this  work* 
mentioned  Hume's  sceptical  inferenoes  from  Locke's 
maxim,  that  we  have  no  ideas  except  those  which  we 
acquire  by  experience ;  and  the  doctrines  set  up  in  oj^xW 
-sition  to  this  by  the  metaphysicians  of  Germfetny.-  I 
might  trace  the  progress  of  the  sMsational .  opinion^  m 

*  Book  iii.  c.  3,    ;Mbdera  Opinions  respecting  the  Ideii  of. Cause. 
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Britain  till  the  reaction  took  place  here  also:  but 
they  were  so  much  more  clearly  and  decidedly  followed 
out  in  France,  that  I  shall  pursue  their  history  in  that 
country. 

4,  The  French  Followers  of  Locke^  CondillaCj  Sfc.--^ 
Most  of  the  French  writers  who  adopted  Locke's  leading 
doctrines,  rejected  the  "Reflection,"  which  formed  an 
anomalous  part  of  his  philosophy,  and  declared  that  sen- 
sation alone  was  the  source  of  ideas.  Among  these 
writers  Condillac  was  the  most  distinguished.  He  ex- 
pressed the  leading  tenet  of  their  school  in  a  clear  and 
pointed  manner  by  saying  that  "  All  ideas  are  tranformed 
sensations."  We  have  already  considered  this  point*, 
and  need  not  here  longer  dwell  upon  it. 

Opinions  such  as  these  tend  to  annihilate,  as  we  have 
seen,  one  of  the  two  co-ordinate  elements  of  our  know- 
ledge. Yet  they  were  far  from  being  so  prejudicial  to 
the  progress  of  science,  or  even  of  the  philosophy  of 
science,  as  might  have  been  anticipated.  One  reason  of 
this  was,  that  they  were  practically  corrected,  especially 
among  the  cultivators  of  Natural  Philosophy,  by  the  study 
of  mathematics ;  for  that  study  did  really  supply  all  that 
was  requisite  on  the  ideal  side  of  science,  so  far  as  the 
ideas  of  space,  time,  and  number,  were  concerned,  and 
partly  also  with  regard  to  the  idea  of  cause  and  others. 
And  the  methods  of  discovery,  though  the  philosophy  of 
them  made  no  material  advance,  were  practically  employed 
with  so  much  activity,  and  in  so  many  various  subjects, 
that  a  certain  kind  of  prudence  and  skill  in  this  employ- 
ment was  very  widely  diffused. 

5.  Importance  of  Language. — In  one  respect  this 
school  of  metaphysicians  rendered  a  very  valuable  service 
to  the  philosophy  of  science.  They  brought  into  pro- 
minent notice  the  great  importance  of  words  and  ter7ns 

*  B.  i.  0.  4. 
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in  the  formation  and  progress  of  knowledge,  and  pointed 
out  that  the  office  of  language  is  not  only  to  convey  and 
preserve  our  thoughts,  but  to  perform  the  analysis  in 
which  reasoning  consists.  They  were  led  to  this  train  of 
speculation,  in  a  great  measure,  by  taking  pure  mathe- 
matical science  as  their  standard  example  of  substantial 
knowledge.  Gondillac,  rejecting,  as  we  have  said,  almost 
all  those  ideas  on  which  universal  and  demonstrable 
truths  must  be  based,  was  still  not  at  all  disposed  to 
question  the  reality  of  human  knowledge ;  but  was,  on 
the  contrary,  a  zealous  admirer  of  the  evidence  and  con- 
nexion  which  appear  in  those  sciences  which  have  the 
ideas  of  space  and  number  for  their  foundation,  especially 
the  latter.  He  looked  for  the  grounds  of  the  certainty 
and  reality  of  the  knowledge  which  these  sdences  con- 
tain ;  and  found  them,  as  he  conceived,  in  the  nature  of 
the  language  which  they  employ.  The  Signs  which  are 
used  in  arithmetic  and  algebra  enable  us  to  keep  steadily 
in  view  the  identity  of  the  same  quantity  under  all  the 
forms  which,  by  composition  and  decomposition,  it  may 
be  made  to  assume ;  and  these  Signs  also  not  only  express 
the  operations  which  are  performed,  but  suggest  the  ex- 
tension of  the  operations  according  to  analogy.  Algebra, 
according  to  him,  is  only  a  very  perfect  language ;  and 
language  answers  its  purpose  of  leading  us  to  truth,  by 
possessing  the  characteristics  of  algebra.  Words  are  the 
symbols  of  certain  groups  of  impressions  or  facts ;  they 
are  so  selected  and  applied  as  to  exhibit  the  analogies 
which  prevail  among  these  facts ;  and  these  analogies  are 
the  truths  of  which  our  knowledge  consists.  "Eveiy 
language  is  an  analytical  method ;  every  analytical  method 
is  a  language*^,"  these  were  the  truths  "  alike  new  and 
simple,"  as  he  held,  which  he  conceived  that  he  had 
demonstrated.     "  The  art  of  speaking,  the  art  of  writing, 

*  Lanfftte  des  Cakuh,  p.  1. 
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the  art  of  reasoning,  the  art  of  thinking,  are  only,  at 
bottom,  one  and  the  same  art*."  Each  of  these  opera* 
tions  consists  in  a  succession  of  analytical  operations; 
and  words  are  the  marks  by  which  we  are  able  to  fix  our 
minds  upon  the  steps  of  this  analysis. 

7.  The  analysis  of  our  impressions  and  notions  does 
in  reality  lead  to  truth,  not  only  in  virtue  of  the  identity 
of  the  whole  with  its  parts,  as  Condillac  held,  but  also  in 
virtue  of  certain  Ideas  which  govern  the  synthesis  of  our 
sensations,  and  which  contain  the  elements  of  universal 
truths,  as  we  have  all  along  endeavoured  to  show*  But 
although  Condillac  overlooked  or  rejected  this  doctrine^ 
the  importance  of  words,  as  marking  the  successive  steps 
of  this  synthesis  and  analysii^  is  not  less  than  he  repre* 
sented  it  to  be.  Every  truth,  once  established  by  induc- 
tion from  facts,  when  it  is  become  familiar  under  a  brief 
and  precise  form  of  expression,  becomes  itself  a  fact ;  and 
is  capable  of  being  employed,  along  with  other  fects  of  a 
like  kind,  as  the  materials  of  fresh  inductions.  In  this 
successive  process,  the  term,  like  the  cord  of  a  fagot, 
both  binds  together  the  facts  which  it  includes,  and  makes 
it  possible  to  manage  the  assemblage  as  a  single  thing. 
On  occasion  of  most  discoveries  in  science,  the  selection 
of  a  technical  term  is  an  essential  part  of  the  proceeding. 
In  the  History  of  Science,  we  have  had  numerous  oppor- 
tunities of  remarking  this ;  and  the  List  of  technical 
terms  given  as  an  Index  to  that  work,  refers  us,  by  almost 
every  word,  to  one  such  occasion.  And  these  terms, 
which  thus  have  had  so  large  a  share  in  the  formation  of 
science,  and  which  constitute  its  language,  do  also  offer 
the  means  of  analysing  its  truths,  each  into  its  con- 
stituent truths ;  and  these  into  facts  more  special^  till 
the  original  foundations  of  our  most  general  proposi** 
tions  are  clearly  exhibited.     The  relations  of  general 

*  Orammairey  p.  zzxvi. 
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and  particular  truths  are  most  evidently  represented  by 
the  Inductive  Tables  given  in  Book  XI.  But  each  step 
in  each  of  these  Tables  has  its  proper  form  of  expression, 
familiar  amoug  the  cultivators  of  science ;  and  the  ana- 
lysis which  our  Tables  display,  is  commonly  performed  in 
men's  minds,  when  it  becomes  necessary,  by  fixing  the 
attention  successively  upon  a  series  of  words,  not  upon 
the  lines  of  a  Table.  Language  offers  to  the  mind  such 
a  scale  or  ladder  as  the  Table  offers  to  the  eye ;  and  as 
such  Tables  present  to  us,  as  we  have  said,  the  Logic  of 
Induction,  that  is,  the  formal  conditions  of  the  soundness 
of  our  reasoning  from  facts,  we  may  with  propriety  say 
that  a  just  analysis  of  the  meaning  of  words  is  an  essen- 
tial portion  of  Inductive  Logic. 

In  saying  this,  we  must  not  forget  that  a  decompo- 
sition of  general  truths  into  ideas,  as  well  as  into  facts, 
belongs  to  our  philosophy ;  but  the  point  we  have  here 
to  remark,  is  the  essential  importance  of  words  to  the 
latter  of  these  processes.  And  this  point  had  not  ever 
had  its  due  weight  assigned  to  it  till  the  time  of  Condil- 
lac  and  other  followers  of  Locke,  who  pursued  their 
speculations  in  the  spirit  I  have  just  described.  The 
doctrine  of  the  importance  of  terms  is  the  most  consider- 
able addition  to  the  philosophy  of  science  wliich  has  been 
made  since  the  time  of  Bacon  *. 

8.  Tlie  French  Encydopmdists. — ^The  French  Encydo- 
pedicy  published  in  1751,  of  which  Diderot  and  Dalem- 
bert  were  the  editors,  may  be  considered  as  representing 
the  leading  characters  of  European  philosophy  during  the 
greater  part  of  the  eighteenth  century.     The  writers  in 

*  Since  the  selection  and  construction  of  terms  is  thus  a  matter  of 
80  much  consequence  in  the  formation  of  science,  it  is  proper  that 
systematic  rules,  founded  upon  sound  principles,  should  boJaid  down 
for  tbe  performance  of  this  operation.  Some  such  rules  have  accord- 
ingly been  suggested  in  another  part  of  this  work. 
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this  work  belong  for  the  most  part  to  the  school  of  Locke 
and  Condillac ;  and  we  may  make  a  few  remarks  upon 
them,  in  order  to  bring  into  view  one  or  two  points  in 
addition  to  what  we  have  already  said  of  that  school. 
The  Discours  Preliminairey  written  by  Dalembert,  is  cele- 
brated as  containing  a  view  of  the  origin  of  our  knowledge, 
and  the  connexion  and  classification  of  the  sciences. 

A  tendency  of  the  speculations  of  the  Encyclopedists, 
as  of  the  School  of  Locke  in  general,  is  to  reject  all  ideal 
principles  of  connexion  among  facts,  as  something  which 
experience,  the  only  source  of  true  knowledge,  does  not 
give.  Hence  all  certain  knowledge  consists  only  in  the 
recognition  of  the  same  thing  under  different  aspects,  or 
different  forms  of  expression.  Axioms  are  not  the  result 
of  an  original  relation  of  ideas,  but  of  the  use,  or  it  may 
be  the  abuse*,  of  words.  In  like  manner,  the  i)ropo- 
sitions  of  Geometry  are  a  series  of  modifications, — of  dis- 
tortions so  to  speak, — of  one  original  truth ;  much  as  if 
the  proposition  were  stated  in  the  successive  forms  of 
expression  presented  by  a  language  which  was  constantly 
growing  more  and  more  artificial.  Several  of  the  sciences 
which  rest  upon  physical  principles,  that  is,  (says  the 
writer)  truths  of  experience  or  simple  hypotheses,  have 
only  an  experimental  or  hypothetical  certainty.  Impe- 
netrability added  to  the  idea  of  extent  is  a  mystei7  in 
addition  :  the  nature  of  motion  is  a  riddle  for  philosophers : 
the  metaphysical  principle  of  the  laws  of  percussion  is 
equally  concealed  from  them.  The  more  profoundly  they 
study  the  idea  of  matter  and  of  the  properties  which  re- 
present it,  the  more  obscure  this  idea  becomes ;  the  more 
completely  does  it  escape  them. 

9.  This  is  a  very  common  style  of  reflection,  even 
down  to  our  own  times.  I  have  endeavoured  to  show  that 
concerning  the  Fundamental  Ideas  of  space,  of  force  and 

*  Ditc,  FreUm.y  p.  viii. 
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resistance,  of  substance,  external  qualit]^,  and  the  like,  W6 
know  enough  to  make  these  Ideas  the  grounds  of  certaiu 
and  universal  truths ;— enough  to  supply  us  with  axioms 
from  which  we  can  demonstratively  reason.  If  men  wish 
for  any  other  knowledge  of  the  nature  of  matter  than 
that  which  ideas,  and  facts  conformable  to  ideas,  give 
them,  undoubtedly  their  desire  will  be  frustrated,  and 
they  will  be  left  in  a  mysterious  vacancy;  for  it  does  not 
appear  how  such  knowledge  as  they  ask  for  could  be 
knowledge  at  all.  But  in  reality,  this  complaint  of  our 
ignorance  of  the  real  nature  of  things  proceeds  from  the 
rejection  of  ideas,  and  the  assumption  of  the  senses  alone 
BB  the  ground  of  knowledge.  *^  Observation  and  calcu- 
lation are  the  only  sources  of  truth  :"--*this  is  the  motto 
of  the  school  of  which  we  now  speak.  And  its  import 
amounts  to  this : — that  they  reject  all  ideas  except  the  idea 
of  number,  and  recognise  the  modifications  which  parts 
tmdergo  by  addition  and  subtraction  as  the  only  modes 
in  which  true  propositions  are  generated.  The  laws  of 
nature  are  assemblages  of  facts :  the  truths  of  science  are 
assertions  of  the  identity  of  things  which  are  the  same. 
"  By  the  avowal  of  almost  all  philosophers,"  sajrs  a  writer 
of  this  school*,  ^'the  most  sublime  truths,  when  once 
simplified  and  reduced  to  their  lowest  terms,  are  converted 
into  factE^  and  thenceforth  present  to  the  mind  only  tliii 
proposition ;  the  white  is  whit^  the  black  is  black." 

These  statements  are  true  in  what  they  positively 
assert,  but  they  involve  error  in  the  denial  which  by  itft* 
plication  they  convey^  It  is  true  that  observation  and 
demonstration  are  the  only  sources  of  scientific  truth ;  but 
then,  demonstration  may  be  founded  on  other  grounds 
besides  the  elementary  properties  of  number.  It  is  true 
that  the  theory  of  gravitation  is  but  the  ass^rtioa  of  a 
general  fact ;  but  this  is  eo,  not  because  a  sound  the<»y 

*  HELVBTimi  9$Wr  l^ffomm^  c.  xxiii. 
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does  not  involve  ideas,  but  because  our  apprehension  of 
a  fact  does. 

10.  Another  characteristic  indication  of  the  temper  of 
the  Encjclopedists  and  of  the  age  to  which  they  belongf 
is  the  importance  by  them  assigned  to  those  prsctical  Art$ 
which  minister  to  man's  comfort  and  convenience.  Not 
only  in  the  body  of  the  Encyclopedia  are  the  Mechanical 
A  rts  placed  side  by  side  with  the  Sciences,  and  treated  at 
great  length ;  but  in  the  Preliminary  Discourse,  the  prefe- 
rence assigned  to  the  liberal  over  the  mechanical  Arts  is 
treated  as  a  prejudice^,  and  the  value  of  science  is  spoken 
of  as  measured  by  its  utility.  ^  The  discovery  of  the  Ma« 
riner's  Compass  is  not  less  advantageous  to  the  human 
race  than  the  explanation  of  its  properties  would  be  to 
physics. — ^Why  should  we  not  esteem  those  to  whom  we 
owe  the  fusee  and  the  escapement  of  watches  as  much  as 
the  inventors  of  Algebra  ? "  And  in  the  classification  of 
sciences  which  accompanies  the  Discourse,  the  labours  of 
artisans  of  all  kinds  have  a  place. 

This  classification  of  the  various  branches  of  science 
contained  in  the  Dissertation  is  often  spoken  of.  It 
has  for  its  basis  the  classification  proposed  by  Bacon, 
in  which  the  parts  of  human  knowledge  are  arranged 
according  to  the  faculties  of  the  mind  in  which  they 
originate ;  and  these  faculties  are  taken,  both  by  Bacon 
and  by  Dalembert,  as  Memory,  Reason,  and  Imagi- 
nation. The  insnfiiciency  of  Bacon's  arrangement  as  a 
scientific  classification  is  so  glaring,  that  the  adoption  of 
it,  with  only  superficial  modifications,  at  the  period  of  the 
Encyclopedia,  is  a  remarkable  proof  of  the  want  of  origi- 
nal thought  and  real  philosophy  at  the  time  of  which  we 
speak. 

11.  We  need  not  trace  further  the  opinion  which  de- 
rives all  our  knowledge  from  the  senses  in  its  application 


*  p.  XIII. 
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to  the  philosophj  of  Science.  Its  declared  aim  is  to 
reduce  all  knowledge  to  the  knowledge  of  Facts ;  and  it 
rejects  all  inquiries  which  inyolve  the  Idea  of  Cause,  and 
similar  Ideas,  describing  them  as  ^^  metaphysical/'  or  in 
some  other  damnatory  way.  It  professes,  indeed,  to  dis- 
card all  Ideas  ;  but,  as  we  have  long  ago  seen,  some  Ideas 
or  other  are  inevitably  included  even  in  the  simplest 
Facts.  Accordingly  the  speculations  of  this  school  are 
compelled  to  retain  the  relations  of  Position,  Succession, 
Number  and  Resemblance,  which  are  rigorously  ideal 
relations.  The  philosophy  of  Sensation,  in  order  to  be 
consistent,  ought  to  reject  these  Ideas  along  with  the 
rest,  and  to  deny  altogether  the  possibility  of  general 
knowledge. 

When  the  opinions  of  the  Sensational  School  had  gone 
to  an  extreme  length,  a  Reaction  naturally  began  to  take 
place  in  men's  minds.  Such  have  been  the  alternations 
of  opinion,  from  the  earliest  ages  of  human  specidation. 
Man  may  perhaps  have  existed  in  an  original  condition  in 
which  he  was  only  aware  of  the  impressions  of  Sense; 
but  his  first  attempts  to  analyse  his  perceptions  brought 
under  his  notice  Ideas  as  a  separate  element^  essential  to 
the  existence  of  knowledge.  Ideas  were  thenceforth 
almost  tlie  sole  subject  of  the  study  of  philosophers ;  of 
Plato  and  his  disciples,  professedly ;  of  Aristotle^  and  still 
more  of  the  followers  and  commentators  of  Aristotle^ 
practically.  And  this  continued  till  the  time  of  Gralileo, 
when  the  authority  of  the  Senses  again  began  to  be 
asserted ;  for  it  was  shown  by  the  great  discoveries  which 
were  then  made,  that  the  Senses  had  at  least  some  share 
in  the  promotion  of  knowledge.  As  discoveries  moie 
numerous  and  more  striking  were  supplied  by  Observation, 
the  world  gradually  passed  over  to  the  opinion  that  the 
share  which  had  been  ascribed  to  Ideas  in  the  formation  of 
real  knowledge  was  altogether  a  delusion,  and  that  Sen- 
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sation  alone  was  true.  But  when  this  was  asserted  as  A 
general  doctrine,  both  its  manifest  falsity  and  its  alarming 
consequences  roused  men^s  minds,  and  made  them  recoil 
from  the  extreme  point  to  which  they  were  approaching. 
Philosophy  again  oscillated  back  towards  Ideas;;  and  over 
a  great  part  of  Europe,  in  the  clearest  and  most  compter 
hensive  minds,  this  regression  from  thef  dogmas  ef  the 
Sensational  School  itf  at  present  the  prevailing  movement. 
We  shall  conclude  our  review  by  noticing  a  few  indica- 
tions of  this  state  of  things. 


Chapter  XV. 

THE  REACTION  AGAINST  THE  SENSATIONAL 

SCHOOL. 

1.  When  Locke's  Essay  appeared,  it  was  easily  seen 
that  its  tendency  was  to  urge,  in  a  much  more  rigorous 
sense  than  had  previously  been  usual,  the  ancient  maxim 
of  Aristotle,  adopted  by  the  schoolmen  of  the  middle  ages, 
that  ^  nothing  exists  in  the  intellect  but  what  has  entered 
by  the  senses."  Leibnitz  expressed  in  a  pointed  manner 
the  limitation  with  which  this  doctrine  had  always  been 
nnderstood.  "Nihil  est  in  intellectu  quod  non  prius 
fuerit  in  sensu ; — nempe^  he  added,  **nm  intellectus  ipse.*^ 
To  this  it  has  been  objected*,  that  we  cannot  say  that 
the  intellect  is  in  the  intellect.  But  this  remark  is 
obviously  frivolous ;  for  the  faculties  of  the  understanding 
(which  are  what  the  argument  against  the  Sensational 
School  requires  us  to  reserve)  may  be  said  to  be  in  th^ 
understanding,  with  as  much  justice  as  we  may  assert 
there  are  in  it  the  impressions  derived  from  sense.  And 
when  we  take  account  of  these  £Etculties»  and  of  the  Ideas 

*  See  Mr.  Shakpb's  JSWo^. 
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to  which,  by  their  operation,  we  necessarily  subordinate 
our  apprehension  of  phenomena,  we  are  led  to  a  refuta- 
tion of  the  philosophy  which  makes  phenomena,  uncon- 
nected by  Ideas,  the  source  of  all  knowledge.  The 
succeeding  opponents  of  the  Lockian  school  insisted  upon 
and  developed  in  various  ways  this  remark  of  Leibnits, 
or  some  equivalent  view. 

2.  It  was  by  inquiries  into  the  foundations  of  morals 
that  English  philosophers  were  led  to  question  the  tmth 
of  Locke's  theory.  Dr.  Price,  in  his  Review  of  the  Prin- 
cipal  Questions  in  Morals^  first  published  in  1757,  main- 
tained that  we  cannot  with  propriety  assert  all  our  ideas 
to  be  derived  from  sensation  and  reflection.  He  pointed 
out,  very  steadily,  the  other  source*.  "The  power,  I 
assert,  that  understands^  or  the  fsLCvltj  within  us  that  dis- 
cerns truthj  and  that  compares  all  the  objects  of  thought 
and  judges  of  them,  is  a  spring  of  new  ideas."  And  he 
exhibits  the  antithesis  in  various  forms.  **Were  not 
sense  and  knowledge  entirely  different,  we  should  rest 
satisfied  with  sensible  impressions,  such  as  light,  colours 
and  sounds,  and  inquire  no  further  about  them,  at  least 
when  the  impressions  are  strong  and  vigorous :  whereas  on 
the  contrary  we  necessarily  desire  some  further  acquaint- 
ance with  them,  and  can  never  be  satisfied  till  we  have 
subjected  them  to  the  survey  of  reason.  Sense  presents 
particular  forms  to  the  mind,  but  cannot  rise  to  tlhj general 
ideas.  It  is  the  intellect  that  examines  and  compares  the 
presented  forms,  that  rises  above  individuals  to  universal 
and  abstract  ideas;  and  thus  looks  downward  upon 
objects,  takes  in  at  one  view  an  infinity  of  particulars, 
and  is  capable  of  discovering  general  truths.  Sense  sees 
only  the  outside  of  things,  reason  acquaints  itself  witfc 
their  natures.  Sensation  is  only  a  mode  of  feeling  in  the 
mind ;  but  knowledge  implies  an  active  and  vital  energy 
in  the  mind." 

*  P.  16.  t  p.  18. 
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8.  The  necessity  of  refuting  Hume's  inferences  fron^ 
the  mere^sensation  system  led  other  writers  to  limit,  in 
various  ways,  their  assent  to  Locke.  Especially  was  this 
the  case  with  a  number  of  intelligent  metaphysicians  in 
Scotland,  as  Reid,  Beattie,  Dugald  Stewart  and  Thomas 
Brown.  Thus  Beid  asserts^,  ^Hhat  the  account  which 
Mr.  Locke  himself  gives  of  the  Idea  of  Power  cannot  be 
reconciled  to  his  fiEtvourite  doctrine,  that  all  our  simple 
ideas  have  their  origin  from  sensation  or  reflection." 
Jleid  remarks,  that  our  memory  and  our  reasoning  power 
come  in  for  a  share  in  the  origin  of  this  idea :  and  in 
speaking  of  reasoning,  he  obviously  assumes  the  axiom 
that  every  event  must  have  a  cause.  By  succeeding 
writers  of  this  school,  the  assumption  of  the  fundamental 
principles,  to  which  our  nature  in  such  cases  irresistibly 
directs  us,  is  more  clearly  pointed  out.  Thus  Stewart 
defends  the  form  of  expression  used  by  Pricef .  "  A 
variety  of  intuitive  judgments  might  be  mentioned,  invol^ 
ving  simple  ideas,  which  it  is  impossible  to  trace  to  any 
origin  but  to  the  power  which  enables  us  to  form  these 
judgments.  Thus  it  is  surely  an  intuitive  truth  that  the 
sensations  of  which  I  am  conscious,  and  all  those  I 
remember,  belong  to  one  and  the  same  being,  which  I 
call  myself.  Here  is  an  intuitive  judgment  involving  the 
simple  idea  of  Identity.  In  like  manner,  the  changes 
which  I  perceive  in  the  universe  impress  me  with  a  con- 
viction that  some  cause  must  have  operated  to  produce 
them.  Here  is  an  intuitive  judgment  involving  the  sim- 
ple Idea  of  Causation.  When  we  consider  the  adjacent 
angles  made  by  a  straight  line  standing  upon  another,  and 
perceive  that  their  sum  is  equal  to  two  right  angles,  the 
judgment  we  form  involves  a  simple  idea  of  Equality^ 
To  say;  therefore,  that  the  Reason  or  the  Understanding 

*  E$9ay9  on  the  Powers  of  the  Human  Mind,  i.  31. 
t  Outimee  of  Moral  PkU.,  p.  198. 
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is  a  source  of  new  ideas,  is  not  so  exceptionable  a  mode 
of  speaking  as  has  been  sometimes  supposed.  According 
to  Locke,  Sense  furnishes  our  ideas,  and  Reason  perceives 
their  agreements  and  disagreements.  But  the  truth  is, 
that  these  agreements  and  disagreements  are  in  many 
instances,  simple  ideas,  of  which  no  analysis  can  be  given ; 
and  of  which  the  origin  must,  therefore  be  referred  to 
Reason,  according  to  Locke's  own  doctrine."  This  view, 
according  to  which  the  Reason  or  Understanding  is  the 
source  of  certain  simple  ideas,  such  as  Identity,  Causation, 
Equality,  which  ideas  are  necessarily  involved  in  the 
intuitive  judgments  which  we  form,  when  we  recognize 
fundamental  truths  of  science,  approaches  very  near  in 
effect  to  the  doctrine  which  in  this  work  we  have  pre- 
sented,  of  Fundamental  Ideas  belonging  to  each  science, 
and  manifesting  themselves  in  the  axioms  of  the  science. 
It  may  be  observed,  however,  that  by  attempting  to  enu- 
merate these  ideas  and  axioms,  so  as  to  lay  the  founda- 
tions of  the  whole  body  of  physical  science;  and  by 
endeavouring,  as  far  as  possible,  to  simplify  and  connect 
each  group  of  such  Ideas ;  we  have  at  least  given  a  more 
systematic  form  to  this  doctrine.  We  have,  moreover, 
traced  it  into  many  consequences  to. which  it  necessarily 
leads,  but  which  do  not  appear  to  have  been  contemplated 
by  tlie  metaphysicians  of  the  Scotch  school.  But  I 
gladly  acknowledge  my  obligations  to  the  writers  of  that 
school ;  and  I  trust  that  in  the  near  agreement  of  my 
views  on  such  points  with  theirs,  there  is  ground  for 
believing  the  system  of  philosophy  which  I  have  in  this 
work  presented,  to  be  that  to  which  the  minds  of  thought- 
ful men,  who  have  meditated  on  such  subjects,  are  gene- 
rally tending. 

4.  As  a  further  instance  that  such  a  tendency  is  at 
work,  I  may  make  a  quotation  from  an  eminent  English 
philosophical  writer  of  another  school.     "If  you  will  be 
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at  the  pains,"  gays'  Archbishop  Whately*,  "  carefully  to 
analyse  the  simplest  description  you  hear  of  any  transac- 
tion or  state  of  things,  you  will  find  that  the  process 
which  almost  invariably  takes  place  is,  in  logical  laiir 
guage,  this:  that  each  indiyidual  has  in  his  mind  certain 
major  premises  or  principles  relative  to  the  subject  in 
question; — that  observation  of  what  actually  presents 
itself  to  the  senses,  supplies  minor  premises ;  and  that  the 
statement  given  (and  which  is  reported  as  a  thing  experir 
enced)  consists,  in  fact,  of  the  conclusions  drawn  from  the 
combinations  of  these  premises."  The  major  premises 
here  spoken  of  are  the  Fundamental  Ideas,  and  the  Axioms 
and  Propositions  to  which  they  lead;  and  whatever  is 
regarded  as  a  fact  of  observation  is  necessarily  a  conclu- 
sion in  which  these  propositions  are  assumed ;  for  these 
contain,  as  we  have  said,  the  conditions  of  our  experience. 
Our  experience  conforms  to  these  axioms  and  their  consch 
quences,  whether  or  not  the  connexion  be  stated  in  a 
logical  manner,  by  means  of  premises  and  a  conclusion. 

5.  The  same  persuasion  is  also  suggested  by  the 
course  which  the  study  of  metaphysics  has  taken  of  late 
years  in  France.  In  that  country,  as  we  have  seen,  the 
Sensational  System,  which  was  considered  as  the  necessary 
consequence  of  the  revolution  begun  by  Locke,  obtained 
a  more  complete  ascendancy  than  it  did  in  England ;  and 
in  that  country  too,  the  reaction,  among  metaphysical  and 
moral  writers,  when  its  time  came,  was  more  decided  and 
rapid  than  it  was  among  Locke's  own  countrymen.  It 
would  appear  that  M.  Laromiguiere  was  one  of  the  first 
to  give  expression  to  this  feeling,  of  the  necessity  of  a 
modification  of  the  sensational  philosophy.  He  began  by 
professing  himself  the  disciple  of  Condillac,  even  while 
he  was  almost  unconsciously  subverting  the  fundamental 
principles  of  that  writer.     And  thus,  as  M.  Cousin  justly 

*  Polit.  JScan.t  p.  76. 
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observes'^,  his  opinions  had  the  more  powerful  effi»ct  from 
being  presented,  not  as  thwarting  and  contradicting,  but 
ae  sharing  and  following  out  the  spirit  of  his  age.    M. 
Laromiguiere's  work,  entitled  Essai  mr  les  Faculles  de 
fAmey  consists  of  lectures  given  to  the  Faculty  of  Letters 
of  the  Academy  of  Paris,  in  the  years  1811,  1812  and 
1813.     In  the  views  which  these  lectures  present,  there 
is  much  which  the  author  has  in  common  with  Condillac 
But  he  is  led  by  his  investigation  to  assertf,  that  it  if 
not  true  that  sensation  is  the  sole  fundamental  element 
of  our  thoughts  and  our  understanding.     Attention  also  is 
requisite :  and  here  we  have  an  element  of  quite  aiiother 
kind.     For  sensation  is  passive ;  attention  is  active*     A(^ 
tention  does  not  spring  out  of  sensation;   the  passive 
principle  is  not  the  reason  of  the  active  principle.     Acti- 
vity and  passivity  are  two  facts  entirely  different.     Nor 
can  this  activity  be  defined  or  derived;   beingt  M  tb^ 
author  says,  a  fundamental   idea.     The   distinction  is 
manifest  by  its  own  nature ;  and  we  may  find  evidence  of 
it  in  the  very  forms  of  language.     To  look  is  more  than 
to  see;  to  hearken  is  more  than  to  heoTf    The  French 
language  marks  this  distinction  with  respect  to  other 
senses  also.     ^^  On  voity  et  Ton  regarde ;  on  entend^  et  Ton 
eeoute ;  on  sent,  et  Ton  Jlaire ;   on  goute,  et  Ton  &avoure" 
And  thus  the  mere  sensation,  or  capacity  of  feeling,  is 
only  the  occasion  on  which  the  attention  is  exercised ; 
while  the  attention  is  the  foundation  of  all  the  operations 
of  the  understanding. 

The  reader  of  the  former  part  of  this  work,  will  have 
seen  how  much  we  have  insisted  upon  the  activity  of  the 
mind,  as  the  necessary  basis  of  all  knowledge.  In  all 
observation  and  experience,  the  mind  is  active,  and  by  its 
activity  apprehends  all  sensations  in  subordination  to  its 
own  ideas;  and  thus  it  becomes  capd)le  of  eoUeoting 
*  FragmeM  Phihgt^iquei^  i.  53.  t  /6.,  i.  SJ. 
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knowledge  from  phenomena,  since  ideas  involve  general 
relations  and  connexions,  which  sensations  of  themselves 
cannot  involve.  And  thus  wc  see  that,  in  this  respect 
also,  our  philosophy  stands  at  that  point  to  which  the 
speculations  of  the  most  reflective  men  have  of  late 
constantly  been  verging. 

6.  M.  Cousin  himself,  from  whom  we  have  quoted 
the  above  account  of  Laromigui^re,  shares  in  this  ten- 
dency, and  has  argued  very  energetically  and  successfully 
against  the  doctrines  of  the  Sensational  School.  He  has 
made  it  his  office  once  more  to  bring  into  notice  among 
his  countrymen,  the  doctrine  of  ideas  as  the  sources  of 
knowledge ;  and  has  revived  the  study  of  Plato,  who  may 
still  be  considered  as  one  of  the  great  leaders  of  the  ideal 
school.  The  large  portion  of  M.  Gousin*8  works  which 
refers  to  questions  out  of  the  reach  of  our  present  review 
makes  it  suitable  not  to  dwell  longer  upon  them  in  this 
place. 

7.  We  turn  to  speculations  more  closely  connected 
with  our  present  subject.  M.  Ampere,  a  French  man  of 
science,  well  entitled  by  his  extensive  knowledge,  and 
large  and  profound  views,  to  deal  with  the  philosophy  of 
the  sciences,  published  in  1834,  his  Essai  sur  la  Philoso^ 
phie  des  Sciences^  ou  Espositian  anafytiqtie  d^un  Classification 
NatureUe  de  touUs  les  Connaissances  Humaines.  In  this 
remarkable  work  we  see  strong  evidence  of  the  progress 
of  the  reaction  against  the  system  which  derives  our 
knowledge  from  sensation  only.  The  author  starts  from 
a  maxim,  that  in  classing  the  sciences,  we  must  not  only 
regard  the  nature  of  the  objects  about  which  each  science 
is  concerned,  but  also  the  point  of  view  under  which  it 
considers  them:  that  is,  the  ideas  which  each  science 
involves.  M.  Ampere  also  gives  briefly  his  views  of  the 
intellectual  cosftitation  of  man ;  a  subject  on  which  he 
had  long  and  sedulously  employed  his  thoughts;   and 
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these  views  are  far  from  belonging  to  the  Sensational 
School.  Human  thought,  he  says,  is  composed  of  j^eno- 
meua  and  of  conceptions.  Phenomena  are  externa^  or 
sensitive;  and  internal,  or  active.  Conceptions  are  of  four 
kinds ;  primitive^  as  space  and  motion,  duration  and  cause ; 
objective^  as  our  idea  of  matter  and  substance ;  onomaticy 
or  those  which  we  associate  with  the  general  terms  which 
language  presents  to  us;  and  ejpplicative,  by  which  we 
ascend  to  causes  after  a  comparative  study  of  phenomena. 
He  teaches  further,  that  in  deriving  ideas  from  sensation, 
the  mind  is  not  passive;  but  exerts  an  action  which, 
when  voluntary,  is  called  (Mention^  but  when  it  is,  as  it 
often  is,  involuntary,  may  be  termed  reaction. 

I  shall  not  dwell  upon  the  examination  of  these 
opinions* ;  but  I  may  remark,  that  both  in  the  recogni* 
tion  of  conceptions  as  an  original  and  essential  element 
of  the  mind,  and  in  giving  a  prominent  place  to  the  active 
function  of  the  mind,  in  the  origin  of  our  knowledge, 
this  view  approaches  to  that  which  I  have  presented  in 
the  preceding  part  of  this  work ;  although  undoubtedly 
with  considerable  differences. 

8.  The  classification  of  the  sciences  which  M.  Ampere 
proposes,  is  founded  upon  a  consideration  of  the  sciences 
themselves ;  and  is,  the  author  conceives,  in  accordance 
with  the  conditions  of  natural  classifications,  as  exhibited 
in  Botany  and  other  sciences.  It  is  of  a  more  symmetri- 
cal kind,  and  exhibits  more  steps  of  subordination,  than 
that  to  which  I  have  been  led ;  it  includes  also  practical 
Art  as  well  as  theoretical  Science ;  and  it  is  extended  to 
moral  and  political  as  well  as  physical  Sciences.  It  will 
not  be  necessary  for  me  here  to  examine  it  in  detail: 
but  I  may  remark,  that  it  is  throughout  a  dichotomoui 
division,  each  higher  number  being  subdivided  into  two 

*'  See  also  the  Tigorous  critique  of  Locke's  jEkiay^  by  LEMAisraB, 
Soirees  de  St,  Petershourg, 
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lower  ones,  and  so  on.    In  this  way,  M.  Ampere  obtains 
sciences  of  the  First  Order,  each  of  which  is  divided  into 
two  sciences  of  the  Second,  and  four  of  the  Third  Order. 
Thus  Mechanics  is  divided  into  Cinematics,  Statics,  Dyna^ 
micsj  and  Mcieadar  Mechanics ;    Physics  is  divided  into 
Experimental  Physics,  Chemistry,  Stereometry,  and  Atomo^ 
logy ;  Geology  is  divided  into  Physical  Geography,  Mine* 
ralogy,  Gtonomy,  and  Theory  of  the  EartJt.     Without  here 
criticizing  these  divisions  or  their  principle,  I  may  observe 
that  Cinematics,  the  doctrine  of  motion  without  reference 
to  the  force  which  produces  it,  is  a  portion  of  knowledge 
which  our  investigation  has  led  us  also  to  see  the  necessity 
of  erecting  into  a  separate  science ;  and  which  we  have 
termed  Pure  Mechanism.     Of  the  divisions  of  Geology, 
Physical  Chography,  especially  as  explained  by  M.  Ampere, 
is  certainly  a  part  of  the  subject,  both  important  and 
tolerably  distinct  from  the  rest.     Geonomy  contains  what 
we  have  termed  in  the  History,  Descriptive  Geology  ;— 
the  exhibition  of  the  facts  separate  from  the  inquiry  into 
their  causes ;  while  our  Physical  Geology  agrees  with  M. 
Ampere's  Theory  oftiie  Earth.    Mineralogy  appears  to  be 
placed  by  him  in  a  different  place  from  that  which  it 
occupies  in  our  scheme :  but  in  fact,  he  uses  the  term  for 
a  different  science ; — ^lie  applies  it  to  the  classification  not 
of  simple  minerals,  but  of  rocks,  which  is  a  science  auxi- 
liary to  geology,  and  which  has  sometimes  been  called 
Petrology.     What  we  have  termed  Mineralogy,  M.  Am- 
pere unites  with  Cliemi^try.     "It  belongs,"  he  says*,  **to 
Chemistry,  and  not  to  Mineralogy,  to  inquire  how  many 
atoms  of  silicium  and  of  oxygen  compose  silica ;    to  tell 
lis  that  its  primitive  form  is  a  rhombohedron  of  certain 
angles,  that  it  is  called  qudrtz,  &c. :  leaving,  on  one  hand, 
to  Molecular  Geometry  the  task  of  explaining  the  differ- 
ent secondary  forms  which  may  result  from  this  primitive 

*  P.  210. 
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form ;  and  on  the  other  hand,  leaving  to  Mineralogy  the 
office  of  describing  the  different  varieties  of  quarts,  and 
the  rocks  in  ^hich  they  occur,  according  as  the  quartz  is 
crystallized,  transparent,  coloured,  amorphous,  solid,  or  in 
sand."  But  >ve  may  remark,  that  by  adopting  this 
arrangement,  we  separate  from  Mineralogy,  almost  all  the 
knowledge,  and  absolutely  all  the  general  knowledge, 
which  books  professing  to  treat  of  that  science  hare  usually 
contained.  The  consideration  of  Mineralogical  Classifi- 
cations, which,  as  may  be  seen  in  the  History  of  Science^ 
is  so  curious  and  instructive,  is  forced  into  the  domain  of 
Chemistry,  although  many  of  the  persons  who  figure  in  it 
were  not  at  all  properly  chemists.  And  we  lose,  in  this 
way,  the  advantage  of  that  peculiar  office  which,  in  oar 
arrangement.  Mineralogy  fills;  of  forming  a  tigorous 
transition  from  the  sciences'  of  classification  to  those 
which  consider  the  mathematical  properties  of  bodies) 
and  connecting  the  external  characters  and  the  internal 
constitution  of  bodies  by  means  of  a  system  of  important 
general  truths.  I  conceive,  therefore,  that  our  disposition 
of  this  science,  and  our  mode  of  appl3ring  the  name^  are 
Jhr  more  convenient  than  those  of  M.  Ampere. 

9.  We  have  seen  the  reaction  against  the  pure  sensa- 
tional doctrines  operating  very  powerfully  in  England 
and  in  France.  But  it  was  in  Germany  that  these  doc- 
trines were  most  decidedly  rejected;  and  systems  in 
extreme  opposition  to  these  put  forth  with  confidence 
and  received  with  applause.  Of  the  authors  who  gave 
this  impulse  to  opinions  in  that  country,  Kant  was  the 
first, ''and  by  far  the  most  important.  I  have  already 
endeavoured  to  explain  how  he  was  roused,  by  the  seep* 
ticism  of  Hume,  to  examine  wherein  the  fiiliacy  lay 
which  appeared  to  invalidate  all  reasonings  from  efifect  to 
cause ;  and  how  this  inquiry  terminated  in  a  conviction 
that  the  foundations  of  our  reasonings  on  this  and  similar 
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points  TTere  to  be  sought  in  the  mind,  and  not  in  the 
phen(Hnena  ;-~in  the  subject  and  not  in  the  object.  The 
revolution  in  the  customary  mode  of  contemplating 
human  knowledge  which  Kant's  opinions  involyed,  was 
most  complete.  He  himself,  with  no  small  justice,  com- 
pares* it  with  the  change  produced  by  Copemicus's 
theory  of  the  solar  system.  "  Hitherto,"  he  says,  "  men 
have  assumed  that  all  our  knowledge  must  be  regulated 
by  the  objects  of  it ;  yet  all  attempts  to  make  out  any-> 
thing  concerning  objects  A  priori  by  means  of  our  con« 
ceptionsi"  (as  for  instance  their  geometrical  properties) 
^'  must,  on  this  foundation^  be  unavailing.  Let  us  then 
try  whether  we  cannot  make  out  something  more  in  the 
problems  of  metaphysics,  by  assuming  that  objects  must 
be  regulated  by  our  knowledge,  since  this  agrees  better 
with  that  supposition,  which  we  are  prompted  to  make^ 
that  we  can  know  something  of  them  a  priori.  This 
thought  is  like  that  of  Copernicus,  who,  when  he  found 
that  nothing  was  to  be  made  of  the  phenomena  of  the 
heavens  so  long  as  everything  was  supposed  to  turn  about 
the  spectator^  tried  whether  the  matter  might  not  be 
better  explained  if  he  made  the  spectator  turn,  and  left 
the  stars  at  rest.  We  may  make  the  same  essay  in 
metaphysics,  as  to  what  concerns  our  intuitive  knowledge 
respecting  objects.  If  our  apprehenirion  of  objects  must 
be  regulated  by  the  properties  of  the  objects,  I  cannot 
comprehend  how  we  can  possibly  know  anything  about 
them  a  priori.  But  if  the  object,  as  apprehended  by  us> 
be  regulated  by  the  constitution  of  our  faculties  of  appre* 
hension,  I  can  readily  conceive  this  possibility.'*  From 
this  he  infers  that  our  experience  must  be  regulated  by 
our  conceptions. 

10.  This  view  of  the  nature  of  knowledge  soon  super* 
seded  entirely  the  doctrines  of  tiie  Sensational  School 

*  ErUik  der  Beinen  Vemunfiy  Pref.,  p.  iV. 
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among  the  metaphysicians  of  Germany.     These  philoso- 
phers did  not  gradually  modify  and  reject  the  dogmas  of 
Locke   and   Condillac,   as   was   done   in    England   and 
France* ;  nor  did  they  endeavour  to  ascertain  the  extent 
of  the  empire  of  Ideas  by  a  careful  survey  of  its  several 
provinces,  as  we  have  been  doing  in  the  previous  part  of 
the  present  work.      The  German  metaphysicians  saw  at 
once  that  Ideas  and  Things,  the  Subjective  and  the  Ob- 
jective elements  of  our  knowledge,  were,  by  Kant's  system, 
brought  into  opposition  and  correlation,  as  equally  real 
and  equally  indispensable.     Seeing  this,  they  rushed  at 
once  to  the  highest  and  most  difficult  problem  of  philo- 
sophy,— to  determine  what  this  correlation  is ; — ^to  dis- 
cover how  Ideas  and  Things  are  at  the  same  time  opposite 
and  identical ; — ^how  the  world,  while  it  is  distinct  from 
and  independent  of  us,  is  yet,  as  an  object  of  our  know- 
ledge, governed  by  the  conditions  of  our  thoughts.     The 
attempts  to  solve  this  problem,  taken  in  the  widest  sense, 
including  the  forms  which  it  assumes  in  Morals,  Politics, 
the  Arts,  and  Religion,  as  well  as  in  the  Material  Sciences, 
have,  since  that  time,  occupied  the  most  profound  specu- 
lators of  Germany ;   and  have  given  rise  to  a  number  of 
systems,  which,  rapidly  succeeding  each  other,  have,  each 
in  its  day,  been  looked  upon  as  a  complete  solution  of 
the  problem.     To  trace  the  characters  of  these  various 
systems,  does  not  belong  to  the  business  of  the  present 
Book :  my  task  at  present  is  ended  when  I  have  sho>vn, 
as  I  have  now  done,  how  the  progress  of  thought  in  the 
philosophical  world,  followed  from  the  earliest  up  to  the 
present  time,  has  led  to  that  recognition  of  the  co-exist- 
ence and  joint  necessity  of  the  two  opposite  elements  of 

*  The  sensational  system  never  acquired  in  Gennany  the  ascend- 
ancy which  it  obtained  in  England  and  France ;  but  I  am  compelled 
her©  to  pass  over  the  history  of  philosophy  in  Germany,  except  so  &r 
as  it  affects  ourselves. 


REACTION  AGAINST  THE  SENSATIONAL  SCHOOL.       481 

our  knowledge  ;  and  when  I  have  pointed  out  processes 
adapted  to  the  extension  of  our  knowledge,  which  a  true 
view  of  its  nature  has  suggested  or  may  suggest. 

In  the  latter  portion  of  my  task  something  still 
remains  to  be  done,  which  will  be  the  subject  of  the 
ensuing  Book. 


VOL.  n.  2  1 
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BOOK  XII. 


OF  METHODS  EMPLOYED  IN  THE  FORMA 

TION  OF  SCIENCE. 


Chapter  I. 
INTRODUCTION. 


1.  In  the  last  Book  but  one  of  this  work,  we  pointed 
out  certain  general  Characters  of  scientific  knowledge 
which  may  often  serve  to  distinguish  it  from  opinions  of 
a  looser  or  vaguer  kind.  In  the  last  Book  we  traced  the 
steps  by  which  men  were  led  to  a  perception,  more  or 
less  clear,  of  those  characteristics ;  and  in  the  course  of 
this  review,  we  had  to  consider  various  precepts  and 
maxims  offered  by  philosophers  as  fitted  to  guide  us  in 
the  pursuit  of  exact  and  general  truths.  Other  contri- 
butions of  the  same  kind  to  the  philosophy  of  science 
might  be  noticed,  and  some  which  contain  more  valuable 
suggestions,  and  indicate  a  more  practical  acquaintance 
vnth  the  subject  than  any  which  have  yet  been  quoted. 
Among  these,  I  must  especially  distinguish  Sir  John 
Herschel's  Discourse  on  the  Study  of  Natural  philosophy. 
But  my  object  in  this  work  is  not  so  much  to  relate  the 
history,  as  to  present  the  really  valuable  results  of  pre- 
ceding labours.  I  shall,  therefore,  proceed  no  further 
with  the  criticism  of  other  authors ;  but  shall  endeavour 
to  collect,  both  from  them  and  from  my  own  researches 
and  reflections,  such  views  and  such  rules  as  seem  best 
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adapted  to  assist  us  in  the  discovery  and  recognition  of 
scientific  truth ;  or,  at  least,  such  as  may  enable  us  to 
understand  the  process  by  which  this  truth  is  obtained. 
We  would  present  to  the  reader  the  Philosophy  and,  if 
possible,  the  Art,  of  Discovery. 

2.  But,  in  truth,  we  must  acknowledge,  before  we 
proceed  with  this  subject,  that,  speaking  with  strictness, 
an  Art  of  Discovery  is  not  possible ; — that  we  can  give 
no  Rules  for  the  pursuit  of  truth  which  shall  be  univer- 
sally and  peremptorily  applicable; — and  that  the  helps 
which  we  can  offer  to  the  inquirer  in  such  cases  are 
limited  and  precarious.     Still  we  trust  it  will  be  found 
that  aids  may  be  pointed  out  which  are  neither  worthless 
nor  uninstructive.     The  mere  classification  of  examples 
of  successful  inquiry,  to  which  our  rules  give  occasion,  is 
fuU  of  interest  for  the  philosophical  speculator.     And  if 
our  maxims  direct  the  discoverer  to  no  operations  which 
might  not  have  occurred  of  themselves,  they  may  still 
concentrate  our  attention  on  that  which  is  most  important 
and  characteristic  in  these  operations,  and  may  direct  us 
to  the  best   mode  of  insuring  their  success.     I  shall, 
therefore,  attempt  to  resolve  the  Process  of  Discovery 
into  its  parts,  and  to  give  an  account  as  distinct  as  may 
be  of  Rules  and  Methods  which  belong  to  each  portion 
of  the  process. 

3.  In  the  Eleventh  Book  we  considered  the  three 
main  parts  of  the  process  by  which  science  is  constructed : 
namely,  the  Decomposition  and  Observation  of  Complex 
Facts;  the  Explication  of  our  Ideal  Conceptions;  and 
the  Colligation  of  Elementary  Facts  by  means  of  those 
Conceptions.  The  first  and  last  of  these  three  steps  are 
capable  of  receiving  additional  accuracy  by  peculiar  pro- 
cesses. They  may  further  the  advance  of  science  in  a 
more  effectual  manner  when  directed  by  special  technical 
Methods,  of  which  in  the  present  Book  we  must  give  a 

2  I  2 
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brief  view.  In  this  more  technical  form,  the  observation 
of  facts  involves  the  Measurement  of  Phenomena ;  and  the 
Colligation  of  Facts  includes  all  arts  and  rules  bj  which 
the  process  of  Induction  can  be  assisted.  Hence  we 
shall  have  here  to  consider  Methods  of  Observation^  and 
Methods  of  Induction^  using  these  phrases  in  the  widest 
sense.  The  second  of  the  three  steps  above  mentioned, 
the  Explication  of  our  Conceptions,  does  not  admit  of 
being  much  assisted  by  methods,  although  something  maj 
be  done  by  Education  and  Discussion. 

4.  The  Methods  of  Induction, -of  which  we  have  to 
speak,  apply  only  to  the  first  step  in  our  ascent  from  phe- 
nomena to  laws  of  nature; — ^the  discovery  of  Laws  €f 
Phenomena.  A  higher  and  ulterior  step  remains  behind, 
and  follows  in  natural  order  the  discovery  of  Laws  of 
Phenomena ;  namely,  the  Discovert/  of  Causes ;  and  this 
must  be  stated  as  a  distinct  and  essential  process  in  a 
complete  view  of  the  course  of  science.  Again,  when  we 
have  thus  ascended  to  the  causes  of  phenomena  and  of 
their  laws,  we  can  often  reason  downwards  from  the 
cause  so  discovered ;  and  we  are  thus  led  to  suggestions  of 
new  phenomena,  or  to  new  explanations  of  phenomena 
already  known.  Such  proceedings  may  be  termed  AppU^ 
cations  of  our  Discoveries ;  including  in  the  phrase,  VerU 
fications  of  our  Doctrines  by  such  an  application  of  them 
to  observed  fiewts.  Hence  we  have  the  following  series  of 
processes  concerned  in  the  formation  of  science. 

(1.)  Decomposition  of  Facts ; 

(2.)  Measurement  of  Phenomena ; 

(3.)  Explication  of  Conceptions ; 

(4.)  Induction  of  Laws  of  Phenomena ; 

(5.)  Induction  of  Causes ; 

(6.)  Application  of  Inductive  Discoveries. 

5.  Of  these  six  processes,  the  methods  by  which  the 
second  and  fourth  may  be  assisted  are  here  our  pecnlittr 
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object  of  attention.  The  treatment  of  these  subjects  in 
the  present  work  must  necessarily  be  scanty  and  imper- 
fect, although  we  toay  perhaps  be  able  to  add  something 
to  what  has  hitherto  been  systematically  taught  on  these 
heads.  Methods  of  Observation  and  of  Induction  might 
of  themselves  form  an  abundant  subject  for  a  treatise, 
and  hereafter  probably  will  do  so,  in  the  hands  of  future 
writers.  A  few  remarks,  offered  as  contributions  to  this 
subject,  may  serve  to  show  how  extensive  it  is,  and  how 
much  more  ready  it  now  is  than  it  ever  before  was,  for  a 
systematic  discussion. 

Of  the  above  steps  of  the  formation  of  science,  the 
first,  the  Decomposition  of  Facts,  has  already  been  suifi- 
ciently  explained  in  the  Eleventh  Book :  for  if  we  pur- 
sue it  into  further  detail  and  exactitude,  we  find  that  we 
gradually  trench  upon  some  of  the  succeeding  parts.  I, 
therefore,  proceed  to  treat  of  the  second  step,  the  Mea- 
surement of  Phenomena ; — of  methods  by  which  this  work, 
in  its  widest  sense,  is  executed,  and  these  I  shall  term 
Methods  of  Observation. 


Chapter  II. 
OF  METHODS  OF  OBSERVATION. 

1.  I  SHALL  speak,  in  this  chapter,  of  Methods  of 
exact  and  systematic  observation,  by  which  such  facts 
are  collected  as  form  the  materials  of  precise  scientific 
propositions.  These  Methods  are  very  various,  according 
to  the  nature  of  the  subject  inquired  into,  and  other  cir- 
cumstances :  but  a  great  portion  of  them  agree  in  being 
processes  of  measurement.  These  I  shall  peculiarly  con- 
sider :  and  in  the  first  place  those  referring  to  Number, 
Space,  and  Time,  which  are  at  the  same  time  objects  and 
instruments  of  measurement. 
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2.  But  though  we  have  to  explain  how  observations 
may  be  made  as  perfect  as  possible,  we  must  not  forget 
that  in  most  cases  complete  perfection  is  unattainable. 
Observations  are  nevet'  perfect  For  we  observe  pheno- 
mena by  our  senses,  and  measure  their  relations  in  time 
and  space ;  but  our  senses  and  our  measures  are  all,  from 
various  causes,  inaccurate.  If  we  have  to  observe  the 
exact  place  of  the  moon  among  the  stars,  how  much  of 
instrumental  apparatus  is  necessary !  This  apparatus  has 
been  improved  by  many  successive  generations  of  astro- 
nomers,  yet  it  is  still  far  from  being  perfect.  And  the 
senses  of  man,  as  well  as  his  implements,  are  limited  in 
their  exactness.  Two  different  observers  do  not  obtain 
precisely  the  same  measures  of  the  time  and  place  of  a 
phenomenon ;  as,  for  instance,  of  the  moment  at  which 
the  moon  occults  a  star,  and  the  point  of  her  limb  at 
which  the  occultation  takes  place.  Here,  then,  is  a 
source  of  inaccuracy  and  error,  even  in  astronomy,  where 
the  means  of  exact  observation  are  incomparably  more 
complete  than  they  are  in  any  other  department  of  human 
research.  In  other  cases,  the  task  of  obtaining  accurate 
measures  is  far  more  difficult.  If  we  have  to  observe  the 
tides  of  the  ocean  when  rippled  with  waves,  we  can  see 
the  average  level  of  the  water  first  rise  and  then  fall;  but 
how  hard  is  it  to  select  the  exact  moment  when  it  is  at 
its  greatest  height,  or  the  exact  highest  point  which  it 
reaches !  It  is  very  easy,  in  such  a  case,  to  err  by  many 
minutes  in  time,  and  by  several  inches  in  space. 

Still,  in  many  cases,  good  Methods  can  remove  very 
much  of  this  inaccuracy,  and  to  these  we  now  proceed. 

3.  (I.)  Numbei\ — Number  is  the  first  step  of  measure- 
ment, since  it  measures  itself,  and  does  not,  like  space  and 
time,  require  an  arbitrary  standard.  Hence  the  first  exact 
observations,  and  the  fii-st  advances  of  rigorous  knoi^rledge, 
appear  to  have  been  made  by  means  of  number ;  as  for 
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example, — the  number  of  days  in  a  month  and  in  a  year; 
—the  cycles. according  to  which  eclipses  occur;— the 
number  of  days  in  the  revolutions  of  the  planets;  and 
the  like.  All  these  discoveries,  as  we  have  seen  in  the 
History  of  Astronomy,  go  back  to  the  earliest  period  of 
the  science,  anterior  to  any  distinct  tradition ;  and  these 
discoveries  presuppose  a  series,  probably  a  very  long  series, 
of  observations,  made  principally  by  means  of  number. 
Nations  so  rude  as  to  have  no  other  means  of  exact  mea- 
surement, have  still  systems  of  numeration  by  which  they 
can  reckon  to  a  considerable  extent.  Very  often,  such 
nations  have  very  complex  systems,  which  are  capable  of 
expressing  numbers  of  great  magnitude.  Number  supplies 
the  means  of  measuring  other  quantities,  by  the  assump- 
tion of  a  unit  of  measure  of  the  appropriate  kind :  but 
where  nature  supplies  the  unit,  number  is  applicable  di- 
rectly and  immediately.  Number  is  an  important  element 
in.  the  Classificatory  as  well  as  in  the  Mathematical 
Sciences.  The  History  of  those  Sciences  shows  how  the 
formation  of  botanical  systems  was  effected  by  the  adop- 
tion of  number  as  a  leading  element  by  Csesalpinus ;  and 
how  afterwards  the  Reform  of  Linnseus  in  classifica- 
tion depended  in  a  great  degree  on  his  finding,  in  the 
pistils  and  stamens,  a  better  numerical  basis  than  those 
before  employed.  In  like  manner,  the  number  of  rays 
in  the  membrane  of  the  gills*,  and  the  number  of  rays  in 
the  fins  of  fish,  were  found  to  be  important  elements  in 
ichthyological  classification  by  Artedi  and  Linnaeus. 
There  are  innumerable  instances,  in  all  parts  of  Natural 
History,  of  the  importance  of  the  observation  of  number. 
And  in  this  observation,  no  instrument,  scale  or  standard 
is  needed,  or  can  be  applied;  except  the  scale  of  natural 
numbers,  expressed  either  in  words  or  in  figures,  can  be 
considered  as  an  instrument. 

«  JSiii.  fnd.  Sci.,  iii.  364—365. 
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4.  (II.)  Measurement  of  Space.-^Of  quantities  admit- 
ting of  continuow  increase  and  decrease,  (for  number  is 
discontinuous,)  space  is  the  most  simple  in  its  mode  of 
measurement,  and  requires  most  frequently  to  be  mea- 
sured. The  obvious  mode  of  measuring  space  is  by  the  re- 
peated application  of  a  material  measure,  as  when  we  take  a 
foot-rule  and  measure  the  length  of  a  room.  And  in  this 
case  the  foot-rule  is  the  vnit  of  space,  and  the  length  of  the 
room  is  expressed  by  the  number  of  such  units  which  it 
contains :  or,  as  it  may  not  contain  an  exact  number,  bj 
a  number  with  Vi,  fraction.  But  besides  this  measurement 
of  linear  space,  there  is  another  kind  of  space  which,  for 
purposes  of  science,  it  is  still  more  important  to  measuroi 
namely,  angular  space.  The  visible  heavens  being  cons^ 
dered  as  a  sphere,  the  portions  and  paths  of  the  heavenlj 
bodies  are  determined  by  drawing  circles  on  the  surface 
of  this  sphere,  and  are  expressed  by  means  of  the  parts 
of  these  circles  thus  intercepted :  by  such  measures  the 
doctrines  of  astronomy  were  obtained  in  the  veiy  be- 
ginning of  the  science.  The  arcs  of  circles  thus  mea- 
sured, are  not  like  linear  spaces,  reckoned  by  means  of 
an  arbitrary  unit ;  for  there  is  a  natural  unity  the  total 
circumference,  to  which  all  arcs  may  be  referred.  For 
the  sake  of  convenience,  the  whole  circumference  is 
divided  into  360  parts  or  degrees ;  and  by  means  of  these 
degrees  and  their  parts,  all  ards  are  expressed.  The  arcs 
are  the  measures  of  the  angles  at  Ae  centre^  and  the 
degrees  may  be  considered  indifferently  as  measuring  the 
one  or  the  other  of  these  quantities. 

6.  In  the  History  of  Astronomy*,  I  have  described 
the  method  of  observation  of  celestial  angles  employed  by 
the  Greeks.  They  determined  the  lines  in  which  the 
heavenly  bodies  were  seen,  by  means  either  of  Shadows^ 
or  of  Sights ;  and  measured  the  angles  between  such  lines 

*  Hist.  Ind.  Set.,  \.\^1. 
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by  arcs  or  rules  properly  applied  to  them.  The  Armill, 
Astrolabe,  Dioptra,  and  Parallactic  Instrument  of  the 
ancients  were  some  of  the  instruments  thus  constructed* 
Tycho  Brahe  greatly  improved  the  methods  of  astrono« 
mical  observation  by  giving  steadiness  to  the  frame  of  his 
instruments,  (which  were  large  quadrants,)  and  accuracy 
to  the  divisions  of  the  limb*.  But  the  application  of  the 
telescope  to  the  astronomical  quadrant  and  the  fixation  of 
the  centre  of  the  field  by  a  cross  of  fine  wires  placed  in  the 
focus,  was  an  inmiense  improvement  of  the  instrument, 
since  it  substituted  a  precise  visual  ray,  pointing  to  the  star, 
instead  of  the  coarse  coincidence  of  Sights.  The  accuracy 
of  observationwas  still  further  increased  by  applying  to  the 
telescope  a  micrometer  which  might  subdivide  the  smaller 
divisions  of  the  arc. 

6.  By  this  means,  the  precision  of  astronomical  obseF>- 
vation  was  made  so  great,  •that  very  minute  angular  spaces 
could  be  measured:  and  it  then  became  a  question 
whether  discrepancies  which  appeared  at  first  as  defects 
in  the  theory,  might  not  arise  sometimes  from  a  bending 
or  shaking  of  the  instrument^  and  from  the  degrees  nmrked 
on  the  limb  being  really  somewhat  imequal,  instead  of 
being  rigorously  equal.  Accordingly,  the  framing  and 
balancing  of  the  instrument,  so  as  to  avoid  all  possible 
tremor  or  flexure,  and  the  exact  division  of  an  arc  into 
equal  parts,  became  great  objects  of  those  who  wished  to 
improve  astronomical  observations.  The  observer  no 
longer  gazed  at  the  stars  from  a  lofty  tower,  but  placed 
his  telescope  on  the  solid  ground,  and  braced  and  balanced 
it  with  various  contrivances.  Instead  of  a  quadrant,  an 
entire  circle  was  introduced  (by  Ramsden ; )  and  various 
processes  were  invented  for  the  dividing  of  instruments. 
Among  these  we  may  notice  Troughton's  method  of  di- 
viding ;  in  which  the  visual  ray  of  a  microscope  was  substi- 

•  HUt.  Ind.  Sci,  ii.  267. 
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tuted  for  the  points  of  a  pair  of  compasses,  and,  by  stepping 
round  the  circle,  the  partial  arcs  were  made  to  bear  their 
exact  relation  to  the  whole  circumference. 

7.  Astronomy  is  not  the  only  science  which  depends 
on  the  measurement  of  angles.  Crystallography  also 
requires  exact  measures  of  this  kind ;  and  the  goniometer, 
especially  that  devised  by  WoUaston,  supplies  the  mea&s 
of  obtaining  such  measures.  The  science  of  Optics  also, 
in  many  cases,  requires  the  measurement  of  angles. 

8.  In  the  measurement  of  linear  space,  there  is  no 
natural  standard  which  offers  itself.  Most  of  the  common 
measures  appear  to  be  taken  from  some  part  of  the  human 
body ;  as  a  foot,  a  cubit,  a  fathom ;  but  such  measures 
cannot  possess  any  precision,  and  are  altered  by  conven- 
tion :  thus  there  were  in  ancient  times  many  kinds  of 
cubits ;  and  in  modern  Europe,  there  are  a  great  number 
of  different  standards  of  the  foot,  as  the  Rhenish  foot, 
the  Paris  foot,  the  English  foot.  It  is  very  desirable  that, 
if  possible,  some  permanent  standard,  founded  in  nature, 
should  be  adopted ;  for  the  conventional  measures  are 
lost  in  the  course  of  ages ;  and  thus,  dimensions  expressed 
by  means  of  them  become  unintelligible.  .  Two  different 
natural  standards  have  been  employed  in  modem  times : 
the  French  have  referred  their  measures  of  length  to  the 
total  circumference  of  a  meridian  of  the  earth ;  a  quadrant 
of  this  meridian  consists  of  ten  million  units  or  metres. 
The  English  have  fixed  their  linear  measure  by  reference 
to  the  length  of  a  pendulum  which  employs  an  exact 
second  of  time  in  its  small  osillation.  Both  these  methods 
occasion  considerable  difficulties  in  carrying  them  into 
effect;  and  are  to  be  considered  mainly  as  means  of  recover- 
ing the  standard  if  it  should  ever  be  lost.  For  common 
purposes,  some  material  standard  is  adopted  as  authority 
for  the  time :  for  example,  the  standard  which  in  England 
possessed  legal  authority  up  to  the  year  1835  was  pre- 


METHODS  OF  OBSERVATION.  491 

served  in  the  House  of  Parliament ;  and  was  lost  in  the 
conflagration  which  destroyed  that  edifice.  The  standard 
of  length  now  generally  referred  to  by  men  of  science 
in  England  is  that  which  is  in  the  possession  of  the  Astro* 
nomical  Society  of  London. 

9.  A  standard  of  length  being  established,  the  artifices 
for  applying  it,  and  for  subdividing  it  in  the  most  accurate 
manner,  are  nearly  the  same  as  in  the  case  of  measures  of 
arcs :  as  for  instance,  the  employment  of  the  visual  rays 
of  microscopes  instead  of  the  legs  of  compasses  and  the 
edges  of  rules ;  the  use  of  micrometers  for  minute  mea- 
surements ;  and  the  like.  Many  different  modes  of  avoid- 
ing error  in  such  measurements  have  been  devised  by 
various  observers,  according  to  the  nature  of  the  cases 
with  which  they  had  to  deal*. 

10.  (III.)  Measurement  of  Time. — The  methods  of 
measuring  Time  are  not  so  obvious  as  the  methods  of 
measuring  space ;  for  we  cannot  apply  one  portion  of  time 
to  another,  so  as  to  test  their  equality.  We  are  obliged 
to  begin  by  assuming  some  change  as  the  measure  of  time. 
Thus  the  motion  of  the  sun  in  the  sky,  or  the  length  and 
position  of  the  shadows  of  objects,  were  the  first  modes 
of  measuring  the  parts  of  the  day.  But  what  assurance 
had  men,  or  what  could  they  have,  that  the  motion  of  the 
sun  or  of  the  shadow  was  uniform  ?  They  could  have  no 
such  assurance,  till  they  had  adopted  some  measure  of 
smaller  times;  which  smaller  times,  making  up  larger  times 
by  repetition,  they  took  as  the  standard  of  uniformity; — 
for  example,  an  hour>glass,  or  a  clepsydra  which  answered 
the  same  purpose  among  the  ancients.  There  is  no  appa- 
rent reason  why  the  successive  periods  measured  by  the 
emptying  of  the  hour-glass  should  be  unequal ;  they  are 

*  On  the  precautions  employed  in  astronomical  instruments  for  the 
measure  of  space,  see  Sir  J.  Herschel's  Astronomy j  (in  the  CabinH 
Cyciopwdia,)  Art.  103—1 10, 
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implicitly  accepted  as  equal ;  and  by  reference  to  these, 
the  uniformity  of  the  sun's  motion  may  be  verified.  But 
the  great  improvement  in  the  measurement  of  time  was 
the  use  of  a  pendulum  for  the  purpose  by  Galileo,  and 
the  application  of  this  device  to  clocks  by  Huyghens  in 
]  656.  For  the  successive  oscillations  of  a  pendulum  are 
rigorously  equal,  and  a  clock  is  only  a  train  of  machinery 
employed  for  the  purpose  of  counting  these  oscillations. 
By  means  of  this  invention,  the  measure  of  time  in  astro- 
nomical observations  became  as  accurate  as  the  measure 
of  space. 

1 1 .  What  is  the  natural  unit  of  time  ?  It  was  assumed 
from  the  first  by  the  Greek  astronomers,  that  the  sidereal 
days,  measured  by  the  revolution  of  a  star  from  any  me- 
ridian to  the  same  again,  are  exactly  equal ;  and  all  im- 
provements in  the  measure  of  time  tended  to  confirm  this 
assumption.  The  sidereal  day  is  therefore  the  natural 
standard  of  time.  But  the  solar  day,  determined  by  the 
diurnal  revolution  of  the  sun,  although  not  rigorously 
invariable  as  the  sidereal  day  is,  undergoes  scarcely  any 
perceptible  variation ;  and  since  the  course  of  daily  occur- 
rences is  regulated  by  the  sun,  it  is  far  more  convenient 
to  seek  the  basis  of  our  unit  of  time  in  his  motions. 
Accordingly  the  solar  day  (the  mean  solar  day)  is  divided 
into  24  hours,  and  these,  into  minutes  and  seconds ;  and 
this  is  our  scale  of  time.  Of  such  time,  the  sidereal  day 
has  23  hours  56  minutes  4*09  seconds.  And  it  is  plain 
that  by  such  a  statement  the  length  of  the  hour  is  fixed, 
with  reference  to  a  sidereal  day.  The  standard  of  time 
(and  the  standard  of  space  in  like  manner)  equally  answers 
its  purpose,  whether  or  not  it  coincides  with  any  whole 
number  of  units. 

12.  Since  the  sidereal  day  is  thus  the  standard  of  our 
measures  of  time,  it  becomes  desirable  to  refer  to  it,  con- 
stantly and  exactly,  the  instruments  by  which  time  is 
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measured,  in  order  that  we  may  secure  ourselves  against 
error.  For  this  purpose  in  astronomical  observatories,  ob- 
servations are  constantly  made  of  the  transit  of  stars  across 
the  meridian ;  the  transit  instrument  with  which  this  is  done 
being  adjusted  with  all  imaginable  regard  to  accuracy*. 

13.  When  exact  measures  of  time  are  required  in 
other  than  astronomical  observations,  the  same  instru- 
ments are  still  used,  namely,  clocks  and  clironometers. 
In  chronometers,  the  regulating  part  is  an  oscillating 
body ;  not,  as  in  clocks,  a  pendulum  oscUlating  by  the 
force  of  gravity,  but  a  wheel  swinging  to  and  fro  on  its 
centre,  in  consequence  of  the  vibrations  of  a  slender  coil 
of  elastic  vnre.  To  divide  time  into  still  smaller  portions 
than  these  vibrations,  other  artifices  are  used ;  some  of 
which  will  be  mentioned  under  the  next  head. 

14.  (IV.)  Conversion  of  Space  and  Time. — Space  and 
time  agree  in  being  extended  quantities,  which  are  made 
up  and  measured  by  the  repetition  of  homogeneous  parts. 
If  a  body  move  uniformly,  whether  in  the  way  of  revolv- 
ing or  otherwise,  the  space  which  any  point  describes,  is 
proportional  to  the  time  of  its  motion ;  and  the  space  and 
the  time  may  each  be  taken  as  a  measure  of  the  other. 
Hence  in  such  cases,  by  taking  space  instead  of  time, 
or  time  instead  of  space,  we  may  often  obtain  more  con- 
venient and  precise  measures,  than  we  can  by  measuring 
directly  the  element  with  which  we  are  concerned. 

The  most  prominent  example  of  such  a  conversion,  is 
the  measurement  of  the  Right  Ascension  of  stars,  (that 
is,  their  angular  distance  from  a  standard  meridian  f  on 
the  celestial  sphere,)  by  means  of  the  time  employed  in 
their  coming  to  the  meridian  of  the  place  of  observation. 

*  On  the  precautions  employed  in  the  measure  of  time  by  astrono- 
mers, see  Herschel's  Aitron.^  Art.  116 — 127. 

t  A  mtindian  is  a  circle  pasdng  through  the  poles  about  which  the 
celestial  sphere  leTolyes.  The  meridian  <f  any  plaee  on  the  earth  is, 
that  meridian  which  is  exactly  oyer  the  place. 
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Since,  as  we  have  already  stated,  the  visible  celestial 
sphere,  carrying  the  fixed  stars,  revolves  with  perfect  uni- 
formity about  the  pole ;  if  we  observe  the  stars  as  they 
come  in  succession  to  a  fixed  circle  passing  through  the 
poles,  the  intertals  of  time  between  these  observations 
will  be  proportional  to  the  angles  which  the  meridian 
circles  passing  through  these  stars  make  at  the  poles 
where  tliey  meet ;  and  hence,  if  we  have  the  means  of 
measuring  time  with  great  accuracy,  we  can,  by  wratching 
the  times  of  the  transits  of  successive  stars  across  some 
visible  mark  in  our  own  meridian,  determine  the  angular 
distances  of  the  meridian  circles  of  all  the  stars  from  one 
another. 

Accordingly,  now  that  the  pendulum  clock  affords 
astronomers  the  means  of  determining  time  exactly,  a 
measurement  of  the  Right  Ascensions  of  heavenly  bodies 
by  means  of  a  clock  and  a  transit  instrument,  is  a  part  of 
the  regular  business  of  an  observatory.  If  the  sidereal 
clock  be  so  adjusted  that  it  marks  the  beginning  of  its 
scale  of  time  when  the  first  point  of  Right  Ascension  is 
upon  the  visible  meridian  of  our  observatory,  the  point 
of  the  scale  at  which  the  clock  points  when  any  other 
star  is  in  our  meridian,  will  truly  represent  the  Right 
Ascension  of  the  star. 

Thus  as  the  motion  of  the  stars  is  our  measure  of 
time,  we  employ  time,  conversely,  as  our  measure  of  the 
places  of  the  stars.  The  celestial  machine  and  our  ter- 
restrial machines  correspond  to  each  other  in  their  move- 
ments ;  and  the  star  steals  silently  and  steadily  across  our 
meridian  line,  just  as  the  pointer  of  the  clock  steals  past 
the  mark  of  the  hour.  We  may  judge  of  the  scale  of 
this  motion  by  considering  that  the  full  moon  employs 
about  two  minutes  of  time  in  sailing  across  any  fixed  line 
seen  against  the  sky,  transverse  to  her  path :  and  all  the 
celestial  bodies,  carried  along  by  the  revolving  sphere, 
travel  at  the  same  rate. 
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15.  In  this  case,  up  to  a  certain  degree,  we  render 
our  measures  of  astronomical  angles  more  exact  and 
convenient  by  substituting  time  for  space ;  but  when,  in 
the  very  same  kind  of  observation,  we  wish  to  proceed 
to  a  greater  degree  of  accuracy,  we  find  that  it  is  best 
done  by  substituting  space  for  time.  In  observing  the 
transit  of  a  star  across  the  meridian,  if  we  have  the  clock 
within  hearing,  we  can  count  the  beats  of  the  pendulum 
by  the  noise  which  they  make,  and  tell  exactly  at  which 
second  of  time  the  passage  of  the  star  across  the  visible 
thread  takes  place ;  and  thus  we  measure  Right  Ascen- 
sion by  means  of  time.  But  our  perception  of  time  does 
not  allow  us  to  divide  a  second  into  ten  parts,  and  to  pro- 
nounce whether  the  transit  takes  place  three-tenths,  six- 
tenths,  or  seven-tenths  of  a  second  after  the  preceding 
beat  of  the  clock.  This,  however,  can  be  done  by  the 
usual  mode  of  observing  the  transit  of  a  star.  The 
observer,  listening  to  the  beat  of  his  clock,  fastens  his 
attention  upon  the  star  at  each  beat,  and  especially  at 
the  one  immediately  before  and  the  one  immediately 
after  the  passage  of  the  thread :  and  by  this  means  he 
has  these  two  positions  and  the  positions  of  the  thread  so 
far  present  to  his  intuition  at  once,  that  he  can  judge  in 
what  proportion  the  thread  is  nearer  to  one  position  than 
than  the  other,  and  can  thus  divide  the  intervening  second 
in  its  due  proportion.  Thus  if  he  observe  that  at  the 
beginning  of  the  second  the  star  is  on  one  side  of  the 
thread,  and  at  the  end  of  the  second  on  the  other  side ; 
and  that  the  two  distances  from  the  thread  are  as  two  to 
three,  he  knows  that  the  transit  took  place  at  two-fifths 
(or  four-tenths)  of  a  second  after  the  former  beat.  In 
this  way  a  second  of  time  in  astronomical  observations 
inay,  by  a  skilful  observer,  be  divided  into  ten  equal  parts ; 
although  when  time  is  observed  as  time,  a  tenth  of  a 
recond  appears  almost  to  escape  our  senses.  From  the 
above  explanation,  it  will  be  seen  that  the  reason  why 
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the  subdivision  is  possible  in  the  way  thus  described,  is 
this : — ^that  the  moment  of  time  thus  to  be  divided  is  so 
small,  that  the  eye  and  the  mind  can  retain,  to  the  end  of 
this  moment,  the  impression  of  position  which  it  received 
at  the  beginning.  Though  the  two  positions  of  the  star, 
and  the  intermediate  thread,  are  seen  successively,  they 
can  be  contemplated  by  the  mind  as  if  they  were  seen 
simultaneously :  and  thus  it  is  precisely  the  smallness  of 
this  portion  of  time  which  enables  us  to  subdivide  it  by 
means  of  space. 

16.  There  is  another  case,  of  somewhat  a  different 
kind,  in  which  time  is  employed  in  measuring  space; 
namely,  when  space,  or  the  standard  of  space,  is  defined 
by  the  length  of  a  pendulum  oscillating  in  a  given  time. 
We  might  in  this  way  define  any  space  by  the  time  which 
a  pendulum  of  such  a  length  would  take  in  oscillating ; 
and  thus  we  might  speak,  as  was  observed  by  those  who 
suggested  this  device,  of  five  minutes  of  cloth,  or  a  rope 
half  an  hour  l«ng.  We  may  observe,  however,  that  in 
this  case,  the  space  is  not  propwiional  to  the  time.  And 
we  may  add,  that  though  we  thus  appear  to  avoid  the 
arbitrary  standard  of  space  (for  as  we  have  seen,  the 
standard  of  measures  of  time  is  a  natural  one,)  we  do  not 
do  so  in  fact :  for  we  assume  the  invariableness  of  gravity, 
which  really  varies  (though  very  slightly,)  from  place  to 
place. 

17.  (V.)  The  Method  of  Repetition  in  Measurement* 
*— In  many  cases  we  can  give  great  additional  accuracy 
to  our  measurements  by  repeatedly  adding  to  itself  the 
quantity  which  we  wish  to  measure.  Thus  if  we  wished 
to  ascertain  the  exact  breadth  of  a  thread,  it  might  not 
be  easy  to  determine  whether  it  was  one-ninetieth,  or  one* 
ninety-fifth,  or  one-hundredth  part  of  an  inch ;  but  if  we 
find  that  ninety-six  such  threads  placed  side  by  side 
occupy  exactly  an  inch,  we  have  the  precise  measure  of 
the*  breadth  of  the  thread.    In  the  same  manner^  if  two 


METHODS  OF  OBSERVATION.  407 

clocks  are  going  nearly  at  the  same  rate,  we  may  not  be 
able  to  distinguish  the  excess  of  an  oscillation  of  one  of 
the  pendulums  over  an  oscillation  of  the  other :  but  when 
the  two  clocks  have  gone  for  an  hour,  one  of  them  may 
have  gained  ten  seconds  upon  the  other;  thus  showing 
that  the  proportion  of  their  times  of  oscillation  is  3610 
to  3600. 

In  the  latter  of  these  instances,  we  have  the  principle 
of  repetition  truly  exemplified,  because  (as  has  been 
justly  observed  by  Sir  J.  Herschel*,)  there  is  then  "a 
juxtaposition  of  units  without  error," — "one  vibration 
commences  exactly  where  the  last  terminates,  no  part  of 
time  being  lost  or  gained  in  the  addition  of  the  units  so 
counted."  In  space,  this  juxtaposition  of  units  without 
error  cannot  be  rigorously  accomplished,  since  the  units 
must  be  added  together  by  material  contact  (as  in  the 
case  of  the  threads,)  or  in  some  equivalent  manner.  Yet 
the  principle  of  repetition  has  been  applied  to  angular 
measurement  with  considerable  success  in  Borda's  Re- 
peating Circle.  In  this  instrument,  the  angle  between 
two  objects  which  we  have  to  observe,  is  repeated  along 
the  graduated  limb  of  the  circle  by  turning  the  telescope 
from  one  object  to  the  other,  alternately  fastened  to  the 
circle  (by  its  clamp)  and  loose  from  it  (by  unclamping). 
In  this  manner  the  errors  of  graduation  may  (theore- 
tically) be  entirely  got  rid  of :  for  if  an  angle  repeated 
nine  times  be  found  to  go  twice  round  the  circle,  it  must 
be  exactly  eighty  degrees  :  and  where  the  repetition  does 
not  give  an  exact  number  of  circumferences,  it  may  still 
be  made  to  subdivide  the  error  to  any  required  extent. 

18.  Connected  with  the  principle  of  repetition,  is  the 
Method  of  coincidences  or  interferences.  If  we  have  two 
Scales,*  on  one  of  which  an  inch  is  divided  into  10,  and 
on  ihe  other  into  11  equal  parts ;  and  if,  these  Scales 

*  Diic.  Nat.  Phil,  Art.  121. 
VOL.  II.  2  K 
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being  placed  side  by  side,  it  appear  that  the  beginning  of 
the  latter  S(»le  is  between  the  2nd  and  8rd  division  of 
the  former,  it  may  not  be  apparent  what  fraction  added 
to  2  determines  the  place  of  beginning  of  the  second 
Scale  as  measured  on  the  first.  But  if  it  appear  also 
that  the  3rd  division  of  the  second  Scale  coificides  with  a 
certain  division  of  the  first,  (the  5th,)  it  is  certain  that  2 
and  tliree-tentlis  is  the  ea?a4st  place  of  the  beginning  of  the 
second  Scale,  measured  on  the  first  Scale.  The  3rd 
division  of  the  11  Scale  will  coincide  (or  interfere  with) 
a  division  of  the  10  Scale,  when  the  beginning  or  zero  of 
the  11  divisions  is  three-tenths  of  a  division  beyond  the 
preceding  line  of  the  10  Scale ;  as  will  be  plain  on  a 
little  consideration.  And  if  we  have  two  Scales  of  equal 
units,  in  which  each  unit  is  divided  into  nearly,  but  not 
quite,  the  same  number  of  equal  parts  (as  10  and  11, 19 
and  20,  29  and  30,)  and  one  sliding  on  the  other,  it  will 
always  happen  that  some  one  or  other  of  the  division  lines 
will  coincide,  or  very  nearly  coincide ;  and  thus  the  exact 
position  of  the  beginning  of  one  unit,  measured  on  tlie 
other  scale,  is  determined.  A  sliding  scale,  thus  divided 
for  the  purpose  of  subdividing  the  units  of  that  on  which 
it  slides,  is  called  a  Vernier^  from  the  name  of  its  inventor. 
19.  The  same  Principle  of  Coincidence  or  Interfe- 
rence is  applied  to  the  exact  measurement  of  the  length 
of  time  occupied  in  the  oscillation  of  a  pendulum.  If  » 
detached  pendulum,  of  such  a  length  as  to  swing  in  little 
less  than  a  second,  be  placed  before  the  seconds*  pendu- 
lum of  a  clock,  and  if  the  two  pendulums  begin  to  move 
together,  the  former  will  gain  upon  the  latter,  and  in  a 
little  while  their  motions  will  be  quite  discordant.  But 
if  we  go  on  watching,  we  shall  find  them,  after  a  time, 
to  agree  again  exactly;  namely,  when  the  detached  pen- 
dulum has  gained  one  complete  oscillation  (bacif  and 
forwards,)  upon  the  clock  pendulum,  and  again  coincides 
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with  it  in  its  motion.  If  this  happen  after  5  minutesi 
we  know  that  the  times  of  oscillation  of  the  two  pen- 
dulums are  in  the  proportion  of  300  to  302,  and  there- 
fore the  detached  pendulum  oscillates  in  ]^  of  a  second. 
The  accuracy  which  can  be  obtained  in  the  measure  of 
an  oscillation  by  this  means  is  great ;  for  the  clock  can 
be  compared  (by  observing  transits  of  the  stars  or  other- 
wise) with  the  natural  standard  of  time,  the  sidereal  day. 
And  the  moment  of  coincidence  of  the  two  pendulums 
may,  by  proper  arrangements,  be  very  exactly  determined. 
We  have  hitherto  spoken  of  methods  of  measuring 
time  and  space,  but  other  elements  also  may  be  very 
precisely  measured  by  various  means. 

20.  (VI.)  Measurement  of  Weight — Weight,  like 
space  and  time,  is  a  quantity  made  up  by  addition  of 
parts,  and  may  be  measured  by  similar  methods.  The 
principle  of  repetition  is  applicable  to  the  measurement 
of  weight ;  for  if  two  bodies  be  put  in  the  same  pan  of  a 
balance,  their  weights  are  exactly  added. 

There  may  be  difficulties  of  practical  workmanship  iu 
carrying  into  effect  the  mathematical  conditions  of  a  pen- 
feet  balance ;  for  example,  in  securing  an  exact*  equality 
of  the  effective  arms  of  the  beam  in  all  positions.  These 
difficulties  are  evaded  by  the  Method  of  double  weighing ; 
according  to  which  the  standard  weights,  and  the  body 
which  is  to  be  weighed,  are  successively  put  in  the  same 
pan,  and  made  to  balance  by  a  third  body  in  the  opposito 
scale.  By  this  means  the  different  lengths  of  the  arms 
of  the  beam,  and  other  imperfections  of  the  balance, 
become  of  no  consequence*. 

21.  There  is  no  natural  Standard  of  weight.  The 
conventional  weight  taken  as  the  standard,  is  the  weight 
of  a  given  bulk  of  some  known  substance ;  for  instance, 

*  For  oiher  methods  of  measuring  weights  accurately,  see  Fara- 
day's Chemical  Manipulation^  p.  25. 

2  K  2 
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a  cubic  foot  of  water.  But  in  order  that  this  may  be  defi- 
nite, the  water  must  not  contain  any  portion  of  hetero- 
geneous substance :  hence  it  is  required  that  the  water 
be  distilled  water. 

22.  (VII.)  Measurement  of  Secondary  Qualities. — We 
have  already  seen*  that  secondary  qualities  are  estimated 
by  means  of  conventional  Scales,  which  refer  them  to 
space,  number,  or  some  other  definite  expression.  Thns 
the  Thermometer  measures  heat ;  the  Musical  Scale,  with 
or  without  the  aid  of  number,  expresses  the  pitch  of  a 
note ;  and  we  may  have  an  exact  and  complete  Scale  of 
Colours,  pure  and  impure.  We  may  remark,  however, 
that  with  regard  to  sound  and  colour,  the  estimates  of  the 
ear  and  the  eye  are  not  superseded,  but  only  assisted: 
for  if  we  determine  what  a  note  is,  by  comparing  it  with 
an  instrument  known  tol)e  in  tune,  we  still  leave  the  ear 
to  decide  when  the  note  is  in  unison  with  one  of  the  notes 
of  the  instrument.  And  when  we  compare  a  colour  with 
our  chromatometer,  we  judge  by  the  eye  which  division 
of  the  chromatometer  it  matches.  Colour  and  sound  have 
their  Natural  Scales,  which  the  eye  and  ear  habituaU? 
apply ;  what  science  requires  is,  that  those  scales  should 
be  systematized.  We  have  seen  that  several  conditions 
are  requisite  in  such  scales  of  qualities:  the  observed 
skill  and  ingenuity  are  mainly  shown  in  devising  such 
scales  and  methods  of  applying  them. 

23.  The  Method  of  Coincidences  is  employed  in  ha^ 
monies:  for  if  two  notes  are  nearly,  but  not  quite,  in 
unison,  the  coincidences  of  the  vibrations  produce  an 
audible  undulation  in  the  note,  which  is  called  the  howl; 
and  the  exactness  of  the  unison  is  known  by  this  howl 
vanishing. 

24.  (VIII.)  Manipulation. — ^The  process  of  applying 
practically  methods  of  experiment  and  observation,  is 

*  Book  iii.  c.  2.     Of  the  Measure  of  Secondary  Qualities. 
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termed  Manipulation;  and  the  value  of  observations 
depends  much  upon  the  proficiency  of  the  observer  in 
this  art.  This  skill  appears,  as  we  have  said,  not  only  in 
devising  means  and  modes  of  measuring  results,  but  also 
in  inventing  and  executing  arrangements  by  which  ele- 
ments are  subjected  to  such  conditions  as  the  investiga- 
tion requires :  in  finding  and  using  some  material  combi- 
nation by  which  nature  shall  be  asked  the  question  which 
we  have  in  our  minds.  To  do  this  in  any  subject  may  be 
considered  as  a  peculiar  Art,  but  especially  in  Chemistry; 
where  "many  experiments,  and  even  whole  trains  of 
research,  are  essentially  dependent  for  success  on  mere 
manipulation*."  The  changes  which  the  chemist  has  to 
study, — compositions,  decompositions,  and  mutual  actions, 
affecting  the  internal  structure  rather  than  the  external 
form  and  motion  of  bodies, — are  not  familiarly  recognized 
by  common  observers,  as  those  actions  are  which  operate 
upon  the  total  mass  of  a  body :  and  hence  it  is  only  when 
the  chemist  has  become,  to  a  certain  degree,  familicir 
with  his  science,  that  he  has  the  power  of  observing.  He 
must  learn  to  interpret  the  effects  of  mixture,  heat,  and 
other  chemical  agencies,  so  as  to  see  in  them  those  facts 
which  chemistry  makes  the  basis  of  her  doctrines.  And 
in  learning  to  interpret  this  language,  he  must  also  learn 
to  call  it  forth ; — to  place  bodies  under  the  requisite  con- 
ditions, by  the  apparatus  of  his  own  laboratory  and  the 
operations  of  his  own  fingers.  To  do  this  with  readiness 
and  precision,  is,  as  we  have  said,  an  Art,  both  of  the 
mind  and  of  the  hand,  in  no  small  degree  recondite  and 
difficult.  A  person  may  be  well  acquainted  with  all  the 
doctrines  of  chemistry,  and  may  yet  fail  in  the  simplest 
experiment.  How  many  precautions  and  observances, 
what  resource  and  invention,  what  delicacy  and  vigilance, 

*  Faraday's  Chemical  Manipulation^  p.  3. 
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are  requisite  in  chemical  manipulation,  may  be  seen  bjr 
reference  to  Dr.  Faradajr's  work  on  that  subject. 

25.  The  same  qualities  in  the  observer  are  requisite 
in  some  other  departments  of  science ;  for  example,  in 
the  researches  of  Optics:  for  in  these,  after  the  first 
broad  facts  have  been  noticed,  the  remaining  features  of 
the  phenomena  are  both  very  complex  and  very  minute; 
and  require  both  ingenuity  in  the  inyention  of  experi- 
ments, and  a  keen  scrutiny  of  their  results.  We  haie 
instances  of  the  application  of  these  qualities  in  most  of 
the  optical  experimenters  of  recent  times,  and  certainlj  in 
no  one  more  than  Sir  David  Brewster.  Omitting  here  til 
notice  of  his  succeeding  labours,  his  Treatise  on  New  Phi- 
losophical Instruments^  published  in  1813,  is  an  excellent 
model  of  the  kind  of  resource  and  skill  of  whicli  we  now 
speak.  I  may  mention  as  an  example  of  this  skill,  his 
mode  of  determining  the  refractive  power  of  an  irregular 
fragment  of  any  transparent  substance.  At  first  this 
might  appear  an  impossible  problem ;  for  it  would  seem 
that  a  regular  and  smooth  surface  are  requisite,  in  order 
that  we  may  have  any  measurable  refraction.  But  Sr 
David  Brewster  overcame  the  difficulty  by  immersing  the 
fragment  in  a  combination  of  fluids,  so  mixed,  that  thej 
had  the  same  refractive  power  as  the  specimen.  The 
question,  when  they  had  this  power,  was  answered  by  no- 
ticing when  the  fragment  became  so  transparent  that  its 
surface  could  hardly  be  seen ;  for  this  happened  when, 
the  refractive  power  within  and  without  the  fragment 
being  the  satne,  there  was  no  refraction  at  the  surface. 
And  this  condition  being  obtained,  the  refractive  power 
of  the  fluid,  and  therefore  of  the  fragment,  was  easily 
ascertained. 

26.  (IX.)  The  Education  of  the  Senses. — C]!olour  snd 
Musical  Tone  are,  as  we  have  seen,  determined  by  means 
of  the  Senses,  whether  or  not  Systematical  Scales  are 
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used  in  expressing  the  observed  ikct.  Systematical  Scales 
of  sensible  qualities,  however,  not  only  give  precision  to 
the  record,  but  to  the  observation.  But  for  this  purpose 
such  an  Eiducation  of  the  Senses  is  requisite  as  may 
enable  us  to  apply  the  scale  immediately.  The  memory 
must  retain  the  sensation  or  perception  to  which  the 
technical  term  or  degree  of  the  scide  refers.  Thus  with 
regard  to  colour,  as  we  have  said  already*,  when  we  find 
such  terms  as  tin-^vhite  or  pinchbeck-irouMy  the  metallic 
colour  so  denoted  ought  to  occur  at  once  to  our  recollec- 
tion without  delay  or  search.  The  observer's  senses, 
therefore,  must  be  educated,  at  first  by  an  actual  exhibi- 
tion of  the  standard,  and  afterwards  by  a  familiar  use  of 
it,  to  understand  readily  and  clearly  each  phrase  and 
degree  of  the  scales  which  in  his  observations  he  has  to 
apply.  This  is  not  only  the  best,  but  in  many  cases  the 
only  way  in  which  the  observation  can  be  expressed. 
Thus  glassy  lustre^  faJUy  lustre^  adamantine  lustre^  denote 
certain  kinds  of  shining  in  minerals,  which  appearances 
we  should  endeavour  in  vain  to  describe  by  periphrasis; 
and  which  the  terms,  if  considered  as  terms  in  common 
language,  would  by  no  means  clearly  discriminate :  for  who, 
in  common  language,  would  say  that  coal  has  a  &tty 
lustre  ?  But  these  terms,  in  their  conventional  sense,  are 
perfectly  definite ;  and  when  the  eye  is  once  familiarized 
with  this  application  of  them,  are  easily  and  clearly  intel- 
ligible. 

27.  The  education  of  the  senses,  which  is  thus  requi- 
site in  order  to  understand  well  the  terminology  of  any 
science,  must  be  acquired  by  an  inspection  of  the  objects 
which  the  science  deals  with ;  and  is,  perhaps,  best  pro- 
moted by  the  practical  study  of  Natural  History.  In  the 
different  departments  of  Natural  History,  the  descriptions 
of  species  are  given  by  means  of  an  extensive  technical 

*  Book  viii.  c.  3.     Terminology. 
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terminology:  and  that  education  of  which  we  now  speak, 
ought  to  produce  the  effect  of  making  the  observer  as 
femiliar  with  each  of  these  terms  as  we  are  with  the 
words  of  our  common  language.  The  terms  have  a  much 
more  precise  meaning  than  other  terms,  since  they  are 
defined  by  express  convention,  and  not  learnt  by  common 
usage  merely.  Yet  though  they  are  thus  defined,  not  the 
definition,  but  the  perception  itself,  is  that  which  the  term 
suggests  to  the  proficient. 

In  order  to  use  the  terminology  to  any  good  purpose, 
the  student  must  possess  it,  not  as  a  dictionary,  but  as  a 
language.  The  terminology  of  his  sciences  must  be  the 
natural  historian's  most  familiar  tongue.  He  must  learn 
to  think  in  such  language.  And  when  this  is  achieved, 
the  terminology,  as  I  have  elsewhere  said*,  though  to  an 
uneducated  eye  cumbrous  and  pedantical,  is  felt  tp  be  a 
useful  implement,  not  an  oppressive  burden.  The  im- 
patient schoolboy  looks  upon  his  grammar  and  vocabulaiy 
as  irksome  and  burdensome ;  but  the  accomplished  stu- 
dent who  has  learnt  the  If^guage  by  means  of  them, 
knows  that  they  have  given  him  the  means  of  expressing 
what  he  thinks,  and  even  of  thinking  more  precisely. 
And  as  the  study  of  language  thus  gives  precision  to  the 
thoughts,  the  study  of  Natural  History,  and  especially  of 
the  descriptive  part  of  it,  gives  precision  to  the  senses. 

The  Education  of  the  Senses  is  also  greatly  promoted 
by  the  practical  pursuit  of  any  science  of  experiment  and 
observation,  as  chemistry  or  astronomy.  The  methods  of 
manipulating,  of  which  we  have  just  spoken,  in  chemistir, 
and  the  methods  of  measuring  extremely  minute  portions 
of  space  and  time  which  are  employed  in  astronomy,  and 
which  are  described  in  the  former  part  of  this  chapter,  are 
among  the  best  modes  of  educating  the  senses  for  purposes 
of  scientific  observation. 

^  UUt.  Lid,  Sci.,  iii.  307. 
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28.  By  the  various  Methods  of  precise  observation 
\?hich  we  have  thus  very  briefly  described,  facts  are  col- 
lected, of  an  exact  and  definite  kind ;  they  are  then  bound 
together  in  general  laws,  by  the  aid  of  general  ideas  and 
of  such  methods  as  we  have  now  to  consider.  It  is  true, 
that  the  ideas  which  enable  us  to  combine  facts  into 
general  propositions,  do  commonly  operate  in  our  minds 
while  we  are  still  engaged  in  the  office  of  observing. 
Ideas  of  one  kind  or  other  are  requisite  to  connect  our 
phenomena  into  facts,  and  to  give  meaning  to  the  terms 
of  our  descriptions :  and  it  frequently  happens,  that  long 
before  we  have  collected  all  the  facts  which  induction 
requires,  the  mind  catches  the  suggestion  which  some  of 
these  ideas  offer,  and  leaps  forwards  to  a  conjectural  law 
while  the  labour  of  observation  is  yet  unfinished.  But 
though  this  actually  occurs,  it  is  easy  to  see  that  the 
process  of  combining  and  generalizing  facts  is,  in  the 
order  of  nature,  posterior  to,  and  distinct  from,  the  pro- 
cess of  observing  fects.  Not  only  is  this  so,  but  there  is 
an  intermediate  step  which,  though  inseparable  from  all 
successful  generalization,  may  be  distinguished  from  it  in 
our  survey ;  and  may,  in  some  degree,  be  assisted  by 
peculiar  methods.  To  the  consideration  of  such  methods 
we  now  proceed. 


Chapter  III. 

OF  METHODS  OF  ACQUIRING  CLEAR  SCIENTIFIC 
IDEAS;  and  first  OF  INTELLECTUAL 

EDUCATION. 

The  ways  in  which  men  become  masters  of  those 
clear  and  yet  comprehensive  conceptions  which  the  for- 
mation and  reception  of  science  require,  are  mainly  two ; 
which,  although  we  cannot  reduce  them  to  any  exact 
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scheme,  we  maj  still,  in  a  loose  use  of  the  term,  call 
Methods  of  acquiring  clear  Ideas.  These  two  ways  arg 
Education  and  Discussion. 

1.  (I.)  Idea  of  Space. — It  is  easily  seen  that  Education 
may  do  at  least  something  to  render  our  ideas  distinct 
and  precise*  To  learn  Geometry  in  youth,  tends,  mani- 
festly, to  render  our  idea  of  space  clear  aikl  exact.  By 
such  an  education,  all  the  relations,  all  the  comsequeiiees 
of  this  idea,  come  to  be  readily  and  steadily  apprehended ; 
and  thus  it  becomes  easy  for  us  to  understand  portions  of 
science  which  otherwise  we  should  by  no  means  be  able 
to  comprehend.  The  conception  of  similar  triangles  vm 
to  be  mastered,  before  the  disciples  of  Thales  could  see 
the  validity  of  his  method  of  determining  the  height  of 
lofty  objects  by  the  length  of  their  shadows.  The  con- 
ception of  the  sphere  with  its  drdes  had  to  become  fieaniliar, 
before  the  annual  motion  of  the  sun  and  its  influence  upon 
the  lengths  of  days  could  be  rightly  traced.  The  proper- 
ties of  circles,  combined  with  the  pure*  doctrine  (tf  motion, 
were  required  as  an  introduction  to  the  theory  of  Epicj- 
ded :  the  properties  of  conic  sections  were  needed,  as  a 
preparation  for  the  discoveries  of  Kepler.  And  not  onlj 
was  it  necessary  that  men  should  possess  a  knoudedge  of 
certain  figures  and  their  properties ;  but  it  was  equally 
necessary  that  they  should  have  the  habit  of  reasoning  with 
perfect  steadiness,  precision,  and  conclusiveness  concern- 
ing the  relations  of  space.  No  small  discipline  of  the 
mind  is  requisite,  in  most  cases,  to  accustom  it  to  go, 
with  complete  insight  and  security,  through  the  demon- 
strations respecting  intersecting  planes  and  lines,  dihedral 
and  trihedral  angles,  which  occur  in  solid  geometry.  Yet 
how  absolutely  necessary  is  a  perfect  mastery  of  such 
reasonings,  to  him  who  is  to  explain  the  motions  of  the 
moon  in  latitude  and  longitude !     How  necessary,  again, 

♦  Sw  b.  11.  c.  12. 
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is  the  same  faculty  to  the  student  of  crystallography! 
Without  mathematical  habits  of  conception  and  of  think-^ 
ing,  these  portions  of  science  are  perfectly  inaccessible. 
But  the  early  study  of  plane  and  solid  geometry  gives  to 
all  tolerably  gifted  persons,  the  habits  which  are  thus 
needed.  The  discipline  of  following  the  reasonings  of 
didactic  works  on  this  subject,  till  we  are  quite  familiar 
with  them,  and  of  deyising  for  ourselves  reasonings  of  the 
same  kind,  (as,  for  instance,  the  solutions  of  problems 
proposed,)  soon  gives  the  mind  the  power  of  discowrmng 
with  perfect  facility  concerning  the  most  complex  and 
multiplied  relations  of  space,  and  enables  us  to  refer  to 
the  properties  of  all  plane  and  solid  figures  as  surely  as 
to  the  visible  forms  of  objects.  Thus  we  have  here  a 
signal  instance  of  the  eflScacy  of  education  in  giving  to 
our  Conceptions  that  clearness,  which  the  formaticm  and 
existence  of  science  indispensably  require. 

2.  It  is  not  my  intention  here  to  enter  into  the  details 
of  the  form  which  should  be  given  to  education,  in  order 
that  it  may  answer  the  purposes  now  contemplated.  But 
I  may  make  a  remark,  which  the  above  examples  naturally 
suggest,  that  in  a  mathematical  education,  considered  as 
a  preparation  for  furthering  or  understanding  physical 
science,  Geometry  is  to  be  cultivated,  far  rather  than 
Algebra : — the  properties  of  i^pace  are  to  be  studied  and 
reasoned  upon  as  they  are  in  themselves,  not  as  they  are 
replaced  and  disguised  by  symbolical  representations.  It 
IS  true,  that  when  the  student  is  become  quite  familiar 
with  elementary  geometry,  he  may  often  enable  himself 
to  deal  in  a  more  rapid  and  comprehensive  manner  with 
the  relations  of  space,  by  using  the  language  of  sjrmbols 
and  the  principles  of  symbolical  calculation :  but  this  is 
an  ulterior  step,  which  may  be  added  to,  but  can  never 
be  substituted  for,  the  direct  cultivation  of  geotnetiy. 
The  method  of  symbolical  reasoning  employed  upon  sub- 
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jectB  of  geometry  and  mechanics,  has  certainly  achieved 
some  remarkable  triumphs  in  the  treatment  of  the  theory 
of  the  universe.  These  successful  applications  of  symbols 
in  the  highest  problems  of  physical  astronomy  appear  to 
have  made  some  teachers  of  mathematics  imagine  that  it 
is  best  to  begin  the  pupil's  course  with  such  symbolical 
generalities.  But  this  mode  of  proceeding  will  be  so  far 
from  giving  the  student  clear  ideas  of  mathematical  rela- 
tions, that  it  will  involve  him  in  utter  confusion,  and 
probably  prevent  his  ever  obtaining  a  firm  footing  in  geo- 
metry. To  commence  mathematics  in  such  a  way,  would 
be  much  as  if  we  should  begin  the  study  of  a  language  by 
veading  the  highest  strains  of  its  lyrical  poetry. 

3.  (II.)  Idea  of  Number^  Sfc. — The  study  of  mathe- 
matics, as  I  need  hardly  observe,  develops  and  renders 
exact,  our  conceptions  of  the  relations  of  number,  as  well 
as  of  space.  And  although,  as  we  have  already  noticed, 
even  in  their  original  form  the  conceptions  of  number  are 
for  the  most  part  very  distinct,  they  may  be  still  further 
improved  by  such  discipline.  In  complex  cases,  a  metho- 
dical cultivation  of  the  mind  in  such  subjects  is  needed : 
for  instance,  questions  concerning  cycles,  and  intercala- 
tions, and  epacts,  and  the  like,  require  very  great  steadi- 
ness of  arithmetical  apprehension  in  order  that  the  rea- 
soner  may  deal  with  them  rightly.  In  the  same  manner, 
a  mastery  of  problems  belonging  to  the  science  of  Pure 
Motion,  or,  as  I  have  termed  it.  Mechanism,  requires 
either  great  natural  aptitude  in  the  student,  or  a  mind 
properly  disciplined  by  suitable  branches  of  mathematical 
study. 

4.  Arithmetic  and  Geometry  have  long  been  standard 
portions  of  the  education  of  cultured  persons  throughout 
the  civilized  world;  and  hence  all  such  persons  have 
been  able  to  accept  and  comprehend  those  portions  of 
science  which  depend  upon  the  idea  of  space :  for  instance 
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tbe  doctrine  of  the  globular  form  of  the  earth,  with  its 
consequences,  such  as  the  measures  of  latitude  and  longi- 
tude ; — ^the  heliocentric  system  of  the  universe  in  modern, 
or  the  geocentric  in  ancient  times ; — ^the  explanation  of 
the  rainbow ;  and  the  like.     In  nations  where  there  is  no 
such  education,  these  portions  of  science  cannot  exist  as 
a  part  of  the  general  stock  of  the  knowledge  of  society, 
however  intelligently  they  may  be  pursued   by  single 
philosophers  dispersed  here  and  there  in  the  community. 
5.  (III.)  Idea  of  Force. — As  the  idea  of  Space  is 
brought  out  in  its  full  evidence  by  the  study  of  Geometry, 
so  the  idea  of  Force  is  called  up  and  developed  by  the  study 
of  the  science  of  Mechanics.    It  has  already  been  shown, 
in  our  scrutiny  of  the  Ideas  of  the  Mechanical  Sciences, 
that  Force,  the  Cause  of  motion  or  of  equilibrium,  involves 
an  independent  Fundamental  Idea,  and  is  quite  incapable  of 
being  resolved  into  any  mere  modification  of  our  concep- 
tions of  space,  time,  and  motion.     And  in  order  that  the 
student  may  possess  this  idea  in  a  precise  and  manifest 
shape,  he  must  pursue  the  science  of  Mechanics  in  the 
mode  which  this  view  of  its  nature  demands ; — that  is, 
he  must  study  it  as  an  independent  science,  resting  on 
solid  elementary  principles  of  its  own,  and  not  built  upon 
some  other  unmechanical  science  as  its  substructure.    He 
must  trace  the  truths  of  Mechanics  from  their  own  axioms 
and  definitions ;  these  axioms  and  definitions  being  con- 
sidered as  merely  means  of  bringing  into  play  the  Idea 
on  which  the  science  depends.     The  conceptions  of  force 
and  matter,  of  action  and  reaction,  of  momentum  and 
inertia,  with  the  reasonings  in  which  they  are  involved, 
cannot  be  evaded  by  any  substitution  of  lines  or  symbols 
for  the  conceptions.     Any  attempts  at  such  substitution 
would  render  the  study  of  Mechanics  useless  as  a  prepa- 
ration of  the  mind  for  physical  science ;  and  would,  in- 
deed, except  counteracted  by  great  natural  clearness  of 
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thought  on  such  subjects,  fill  the  mind  with  confused  and 
vague  notions,  quite  unavailing  for  any  purposes  of  sound 
reasoning.  But,  on  the  other  hand,  the  study  of  Mecha- 
nics, in  its  genuine  form,  as  a  branch  of  education,  is  fitted 
to  give  a  most  useful  and  valuable  precision  of  thought 
on  such  subjects ;  and  is  the  more  to  be  recommended, 
since,  in  the  general  habits,  of  most  men's  minds,  the 
mechanical  conceptions  are  tainted  with  far  greater  ob- 
scurity and  perplexity  than  belongs  to  the  conceptions  of 
number,  space,  and  motion. 

6.  As  habitually  distinct  conceptions  of  space  and 
motion  were  requisite  for  the  reception  of  the  doctrines 
of  formal   astronomy,   (the   Ptolemaic  and    Copemican 
system,)  so  a  clear  and  steady  conception    of  force  is 
indispensably  necessary  for  understanding  the  Newtoniaa 
system  of  physical  astronomy.     It  may  be  objected  that 
the  study  of  Mechanics  as  a  science  has  not  commonly 
formed  part  of  a  liberal  education  in  Europe,  and  yet 
that  educated  persons  have  commonly  accepted  the  New^ 
tonian  system.     But  to  this  we  reply,  that  although  most 
persons  of  good  intellectual  culture  have  professed  to 
assent  to  the  Newtonian  system  of  the  universe,  yet  they 
have,  in  fact,  entertained  it  in  so  vague  and  perplexed  i 
manner  as  to  show  very  clearly  that  a  better  mental 
preparation  than  the  usual  one  is  necessary,  in  order  that 
such  persons    may   really   understand   the   doctrine  (rf 
universal  attraction.     I  have  already  spoken  of  the  pre- 
valent indistinctness  of  mechanical  conceptions*;  and 
need  not  here  dwell  upon   the   indications,  constantly 
occurring  in  conversation  and  in  literature,  of  the  utt^ 
inaccuracy  of  thought  on  such  subjects  which  may  often 
be  detected ;  for  instance,  in  the  mode  in  which  many 
men  speak  of  centrifugal  and  centripetal  forces ;— of  rao- 
jectile  and  central  forces; — of  the  effect  of  the  moon 

*  Vol.  i.  p.  257. 
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upon  the  waters  of  the  ocean  ;  and  the  like.  The  inco- 
herence of  ideas  which  we  frequently  witness  on  such 
points,  shows  us  clearly  that,  in  the  minds  of  a  great 
number  of  men,  well  educated  according  to  the  present 
standard,  the  acceptance  of  the  doctrine  of  universal 
gravitation  is  a  result  of  traditional  prejudice,  not  of 
rational  conviction.  And  those  who  are  Newtonians  on 
such  grounds,  are  not  at  all  more  intellectually  advanced 
by  being  Newtonians  in  the  nineteenth  century,  than 
they  would  have  been  by  being  Ptolemaics  in  the  fif- 
teenth. 

7.  It  is  undoubtedly  iu  the  highest  degree  desirable 
that  all  great  advances  in  science  should  become  the 
common  property  of  all  cultivated  men.  And  this  can 
only  be  done  by  introducing  into  the  course  of  a  liberal 
education  such  studies  as  unfold  and  fix  in  men's  minds 
the  fundamental  ideas  upon  which  the  new  discovered 
truths  rest.  The  progress  made  by  the  ancients  in  geo- 
graphy, astronomy,  and  other  sciences,  led  them  to  assign, 
wisely  and  well,  a  place  to  arithmetic  and  geometry 
among  the  steps  of  an  ingenuous  education.  The  dis- 
coveries of  modem  times  have  rendered  these  steps  still 
more  indispensable;  for  we  cannot  consider  a  man  as 
cultivated  up  to  the  standard  of  his  times,  if  he  is  not 
only  ignorant  of,  but  incapable  of  comprehending,  the 
greatest  achievements  of  the  human  intellect.  And  as 
innumerable  discoveries  of  all  ages  have  thus  secured  to 
Geometry  her  place  as  a  part  of  good  education,  so  the 
great  discoveries  of  Newton  make  it  proper  to  introduce 
Elementary  Mechanics  as  a  part  of  the  same  course.  If 
the  education  deserve  to  be  called  good,  the  pupil  will 
not  remain  ignorant  of  those  discoveries,  the  most  remark- 
able extensions  of  the  field  of  human  knowledge  which 
have  ever  occurred.  Yet  he  cannot  by  possibility  com- 
prehend them,  except  his  mind  be  previously  disciplined 


612    METHODS  EMPLOYED  IN  THE  FORMATION  OF  SCIENCE. 

by  mechanical  studies.  The  period  appears  now  to  be 
arrived  when  we  may  venture,  or  rather  when  we  are 
bound  to  endeavour,  to  include  a  new  class  of  funda- 
mental ideas  in  the  elementary  discipline  of  the«  human 
intellect.  This  is  indispensable,  if  we  wish  to  edace  the 
powers  which  we  know  that  it  possesses,  and  to  enridi  it 
with  the  wealth  which  lies  within  its  reach*. 

8.  By  the  view  which  is  thus  presented  to  us  of  the 
nature  and  objects  of  intellectual  education^  we  are  led 
to  consider  the  mind  of  man  as  undergoing  a  progress 
from  age  to  age.  By  the  discoveries  .which  are  made, 
and  by  the  clearness  and  evidence  which,  after  a  time, 
(not  suddenly  nor  soon,)  the  truths  thus  discovered 
acquire,  one  portion  of  knowledge  after  another  becomeB 
elementary ;  and  if  we  would  really  secure  this  progreo^ 
and  make  men  share  in  it,  these  new  portions  must  be 
treated  as  elementary  in  the  constitution  of  a  liberal 
education.  Even  in  the  rudest  forms  of  intelligence, 
man  is  immeasurably  elevated  above  the  unprogresdTe 
brute,  for  the  idea  of  number  is  so  far  developed  that  he 
can  count  his  flock  or  his  arrows.  But  when  number  is 
contemplated  in  a  speculative  form,  he  has  made  a  vast 
additional  progress;  when  he  steadily  apprehends  die 
relations  of  space,  he  has  again  advanced;  when  in 
thought  he  carries  these  relations  into  the  vault  of  the 
sky,  into  the  expanse  of  the  universe,  he  reaches  a  higher 
intellectual  position.  And  when  he  carries  into  these 
wide  regions,  not  only  the  relations  of  space  and  time, 
but  of  cause  and  effect,  of  force  and  reaction,  he  has  again 
made  an  intellectual  advance ;  which,  wide  as  it  is  at  first, 
is  accessible  to  all ;  and  with  which  all  should  acquaint 
themselves,  if  they  really  desire  to  prosecute  with  energy 
the  ascending  path  of  truth  and  knowledge  which  lies 

*  The  University  of  Cambridge  has,  hy  a  recent  law,  made  an 
examination  in  Elementary  Mechanics  requisite  for  the  Degree  of  B.A. 
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before  them.     This  should  be  an  object  of  exertion  to  all 

* 

ingenuous  and  hopeful  minds.  For  that  exertion  is 
necessary, — ^that  after  all  possible  facilities  have  been 
afforded,  it  is  still  a  matter  of  toil  and  struggle  to  appro- 
priate to  ourselves  the  acquisitions  of  great  discoverers, 
is  not  to  be  denied.  Elementary  mechanics,  like  elemen- 
tary geometry,  is  a  study  accessible  to  all ;  but  like  that 
too,  or  perhaps  more  than  that,  it  is  a  study  which  requires 
effort  and  contention  of  mind, — a  forced  steadiness  of 
thought.  It  is  long  since  one  complained  of  this  labour 
in  geometry;  and  was  answered  that  in  that  region  there 
is  no  Royal  Road.  The  same  is  true  of  Mechanics,  and 
must  be  true  of  all  branches  of  solid  education.  But  we 
should  express  the  truth  more  appropriately  in  our  days 
by  saying  that  there  is  no  Popular  Road  to  these  sciences. 
In  the  mind,  as  in  the  body,  strenuous  exercise  alone  can 
give  strength  and  activity.  The  art  of  exact  thought  can 
be  acquired  only  by  the  labour  of  close  thinking. 

9.  (IV.)  Chemical  Ideas. — We  appear  then  to  have 
arrived  at  a  point  of  human  progress  in  which  a  liberal 
education  of  the  scientific  intellect  should  include,  besides 
arithmetic,  elementary  geometry  and  mechanics.  The 
question  then  occurs  to  us,  whether  there  are  any  other 
Fundamental  Ideas,  among  those  belonging  to  other 
sciences,  which  ought  also  to  be  made  part  of  such  an 
education; — whether,  for  example,  we  should  strive  to 
develop  in  the  minds  of  all  cultured  men  the  ideas  of 
polarity^  mechanical  and  chemical,  of  which  we  spoke  in 
a  former  part  of  this  work. 

The  views  to  which  we  have  been  conducted  by  the  pre- 
vious inquiry  lead  us  to  reply  that  it  would  not  be  well  to 
make  cA^wica/ polarities,  at  any  rate,  a  subject  of  elementary 
instruction.  For  even  the  most  profound  and  acute  phi- 
losophers who  have  speculated  upon  this  subject, — they 
who  are  leading  the  van  in  the  march  of  discovery,  do 
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not  seem  yet  to  have  reduced  their  thoughte  on  this 
subject  to  a  consistency,  or  to  have  taken  bold  of  this  idea 
of  polarity  in  a  manner  quite  satisfaetoiy  to  their  own 
minds.  This  part  of  the  subject  is,  therefore,  by  no  meem 
ready  to  be  introduced  into  a  course  of  general  elementaiy 
education  ;  for,  with  a  view  to  such  a '  purpose,  nothing 
less  than  the  most  thoroughly  luminous  and  transparent 
condition  of  the  idea  will  suffice.  Its  whole  efficacy, 
as  a  means  and  object  of  disciplinal  study,  depends  xxpctn 
there  being  no  obscurity,  perplexity,  or  indefiniteness  witii 
regard  to  it,  beyond  that  transient  defioiehey- which  at  fiist 
exists  in  the  learner's  mind,  and  is  to  be  rensiored  by  Ibi 
studies.  The  idea  of  chemical  polarity  is  not  yet  in  thii 
condition ;  and  therefore  is  not  yet  fit  for  a  place  in  edn- 
cation.  Yet  since  this  idea  of  polarity  is  the  nmt 
general  idea  which  enters  into  chemistry,  and  appears  to 
be  that  Which  includes  almost  all  the  others,  it  would  be 
unphilosophical,  and  inconsistent  with  all  sound  views  of 
science,  to  introduce  into  education  some  chemical  eon« 
ceptions,  and  to  omit  those  which  depend  upon  this  idea: 
indeed  such  a  partial  adoption  of  the  science  could  hai^iy 
take  place  without  not  only  omitting,  but  misrepresenting^ 
a  great  part  of  our  chemical  knowledge.  The  conclusion 
to  which  we  are  necessarily  led,  therefore,  is  this : — ^that 
at  present  chemistry  cannot  with  any  advantage,  form  t 
portion  of  a  general  intellectual  education*. 

10.  (V.)  Natural-HiMory  Ideas. — ^But  there  lemaind 
still  another  class  of  Ideas,  with  regard  to  which  we  mnj 
very  properly  ask  whether  they  may  not  advantageoustj 
form  a  portion  of  a  liberal  education :    I  mean  the  Idess 

♦  I  do  not  here  stop  to  prove  that  an  education  (if  it  be  so  caOed] 
in  which  the  memory  only  retains  the  verbal  expression  of  i^sohs, 
while  the  mind  does  not  apprehend  the  principles  of  the  anUjeot,  and 
therefore  cannot  even  understand  the  words  in  which  its  doctrines  tie 
rxproj^scd,  is  of  no  vahie  whatever  to  the  intellect,  but  rather,  ishi<yhly 
hurtful  to  the  habitj*  of  thinking  an.l  reasoning.  ^ 
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of  definite  Resemblance  and  Difference,  and  of  one  set 
of  resemblances  subordinate  to  another,  which  form  the 
bases  of  the  classificatory  sciences.  These  Ideas  are 
developed  by  the  study  of  the  various  branches  of  Natural 
•History,  as  Botany,  and  Zoology;  and  beyond  all  doubt, 
those  pursuits,  if  assiduously  followed,  very  materially 
affect  the  mental  habits.  There  is  this  obvious  advantage 
to  be  looked  for  from  the  study  of  Natural  History,  con- 
sidered as  a  means  of  intellectual  discipline: — ^that  it 
gives  us,  in  a  precise  and  scientific  form,  examples  of 
the  classing  and  naniing  of  objects ;  which  operations  the 
use  of  common  language  leads  us  constantly  to  perform 
n  aloose  and  inexact  way.  In  the  usual  habits  of  our 
minds  and  tongues,  things  are  distinguished  or  brought 
together,  and  names  are  applied,  in  a  manner  very  indefi- 
nite, vacillating,  and  seemingly  capricious :  and  we  may 
naturally  be  led  to  doubt  whether  such  defects  can  be 
avoided; — whether  exact  distinctions  of  things,  and  rigo- 
rous use  of  words  be  possible.  Now  upon  this  point  we 
may  receive  the  instruction  of  Natural  History ;  which 
proves  to  us,  by  the  actual  performance  of  the  task,  that 
a  precise  classification  and  nomenclature  are  attainable, 
at  least  for  a  mass  of  objects  of  the  same  kind.  Further, 
we  also  learn  from  this  study,  that  there  may  exist  not 
only  an  exact  distinction  of  kinds  of  things,  but  a  series 
of  distinctions,  one  set  subordinate  to  another,  and  the 
more  general  including  the  more  special,  so  as  to  form  a 
system  of  classification.  All  these  are  valuable  lessons. 
If  by  the  study  of  Natural  History  we  evolve,  in  a  clear 
and  well  defined  form,  the  conceptions  of  genus^  species^ 
and  of  higJier  and  lower  steps  of  classification,  we  commu- 
nicate precision,  clearness,  and  method  to  the  intellect, 
through  a  great  range  of  its  operations. 

11.  It  must  be  observed,  that  In  order  to  attain  the 
disciplinal  benefit  which  the  study  of  Natural  History  is 
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fitted  to  bestow,  we  must  teach  the  natural  not  the  aiti- 
ficiai  dass^catians ;  or  at  least  the  natural  as  well  as  the 
artificial.  For  it  is  important  for  the  student  to  pereeife 
that  there  are  classifications,  not  merely  arbitrary^  founded 
upon  some  assumed  character,  but  natural,  reoogniaed  hj 
some  discovered  character ;  he  ought  to  see  that  our  classes 
being  collected  according  to  one  mark,  are  oonfirmed  bj 
many  marks  not  originally  stated  in  our  scheme ;  and  are 
thus  found  to  be  grouped  together,  not  by  a  single  resem* 
blance,  but  by  a  mass  of  resemblances,  indicating  i 
natural  affinity.  That  objects  may  be  collected  into  sadi 
groups,  is  a  highly  important  lesson,  which  Natrnid  Histerf 
alone,  pursued  as  the  science  of  natural  classes^  oan  teadi. 
12.  Natural  History  has  not  unfrequently  been  madt 
a  portion  of  education :  and  has  in  some  degree  prodoeed 
such  effects  as  we  have  pointed  out.  It  would  appetf 
however,  that  its  lessons  have  in  general  been  very  im- 
perfectly learnt  or  understood  by  persons  of  general  edu- 
cation: and  that  there  are  perverse  intellectnal  hal»ti 
very  generally  prevalent  in  the  cultivated  classes^  which 
ought  ere  now  to  have  been  corrected  by  the  genenl 
teaching  of  Natural  History.  We  may  detect  among 
speculative  men  many  prejudices  respecting  the  natoie 
and  rules  of  reasoning,  which  arise  from  pure  mathemi* 
tics  having  been  so  long  and  so  universally  the  instrument 
of  intellectual  cultivation.  Pure  Mathematics  reasoni 
from  definitions :  whatever  term  is  introduced  into  her 
pages,  as  a  cirde^  or  a  square^  its  definition  conies  along 
with  it :  and  this  definition  is  supposed  to  supply  all  thtt 
the  reasoner  needs  to  know,  respecting  the  term.  If 
there  be  any  doubt  concerning  the  validity  of  the  conda- 
sion,  the  doubt  is  resolved  by  recurring  to  the  definitions. 
Hence  it  has  come  to  pass  that  in  other  subjects  also,  men 
seek  for  and  demand  definitions  as  the  most  secure  foun- 
dation of  reasoning.    The  definition  and  the  term  defined 
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are  conceived  to  be  so  far  identical,  that  in  all  cases  the 
one  may  be  substituted  for  the  other ;  and  such  a  substi- 
tution is  held  to  be  the  best  mode  of  detecting  fallacies. 

13.  It  has  been  already  shown  that  even  geometry  is 
not  foimded  upon  definitions  alone :  and  we  shall  not 
here  again  analyse  the  fallacy  of  this  belief  in  the  supreme 
value  of  definitions.  But  we  may  remark  that  the  study 
of  Natural  History  appears  to  be  the  proper  remedy  for 
this  erroneous  habit  of  thought.  For  in  every  department 
of  Natural  History  the  object  of  our  study  is  JdndM  of 
things,  not  one  of  which  kinds  can  be  rigorously  defined^ 
yet  all  of  them  are  suflSciently  definite.  In  these  cases 
we  may  indeed  give  a  specific  description  of  one  of  the 
kinds,  and  may  call  it  a  definition ;  but  it  is  clear  that 
such  a  definition  does  not  contain  the  essence  of  the 
thing.  We  say*  that  the  Rose  Tribe  are  •*  Polypetalous 
dicotyledons,  with  lateral  styles,  superior  simple  ovaria, 
regular  perigynous  stamens,  exalbuminous  definite  seeds, 
and  alternate  stipulate  leaves."  But  no  one  would  say 
that  this  was  our  essential  conception  of  a  rose>  to  be  suIk* 
stituted  for  it  in  all  cases  of  doubt  or  obscurity,  by  way 
of  making  our  reasonings  perfectly  clear.  Not  only  so ; 
but  as  we  have  already  seenf,  the  definition  does  not  even 
apply  to  all  the  tribe.  For  the  stipul»  are  absent  in 
Lowea :  the  albumen  is  present  in  Neillia :  the  fruit  of 
Spinea  sorbifolia  is  capsular.  If,  then,  we  can  possess  any 
certain  knowledge  in  Natural  History,  (which  no  cultiva^ 
tor  of  the  subject  will  doubt,)  it  is  evident  that  our  know« 
ledge  cannot  depend  on  the  possibility  of  laying  down 
exact  definitions  and  reasoning  ftom  them. 

14.  But  it  may  be  asked,  if  we  cannot  define  a  word, 
or  a  class  of  things  which  a  word  denotes,  how  can  we 
distinguish  what  it  does  mean  from  what  it  does  not 
mean?     How  can  we  say  that  it  signifies  rae  thing 

*  LniDLBY's  NiU.  SjfH.  B<4.j  p*  8L  t  B.  yiii.,  c.  2.,  p.  475. 
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rather  than  another,  except  we  declare  what  is  its  sig^ 
nification? 

The  answer  to  this  question  inyolves  the  general  prin- 
ciple of  a  natural  method  of  classificatioii,  which  has 
already  been  stated^  and  need  not  here  be  again  dwelt 
on.  It  has  been  shown  that  names  of  kinds  of  things 
{genera)  associate  them  according  to  total  resemblance&i 
not  partial  characters.  The  principle  which,  connects  a 
group  of  objects  in  natural  history  is  not  a  definitum,  bat 
a  type.  Thus  we  take  as  the  type  of  the  Rose  fiunily,  it 
may  be»  the  common  wild  rose ;  all  species  which  resemble 
this  more  than  they  resemble  any  other  group  of  speciei 
are  also  roses,  and  form  one  genus.  All  genera  wbidi 
resemble  Roses  more  than  they  resemble  any  other  groaf 
of  genera  are  of  the  same  family.  And  thus  the  Rose 
fitmily  is  collected  about  some  one  species,  which  is  the 
type  or  central  point  of  the  group. 

In  such  an  arrangement,  it  may  readily  be  concehred 
that  though  the  nucleus  of  each  group  may  cohere  firmly 
together,  the  outskirts  of  contiguous  groups  may  approacb, 
and  may  even  be  intermingled,  so  that  some  species  maj 
doubtfully  adhere  to  one  group  or  another.  Yet  this  un- 
certainty does  not  all  afiect  the  truths  which  we  find  our- 
selves  enabled  to  assert  with  regard  to  the  general  man 
of  each  group.  And  thus  we  are  taught  that  there  may 
be  very  important  differences  between  two  groups  of 
objects,  although  we  are  unable  to  tell  where  the  one 
group  ends  and  where  the  other  begins ;  and  that  there 
may  be  propositions  of  indisputable  truth,  in  which  it  is 
impossible  to  give  unexceptionable  definitions  of  the 
terms  employed. 

15.  These  lessons  are  of  the  highest  value  with 
regard  to  all  employraenjts  of  the  human  mind ;  for  the 
mode  in  which  words  in  common  use  acquire  their  mean- 

♦  B.  viii.,  c.  2.,  p.  476. 
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ing,  approaches  far  more  nearly  to  the  Method  of  Type 
than  to  the  method  of  definition.  The  terms  which  belong 
to  our  practical  concerns,  or  to  our  spontaneous  and  un- 
scientific speculations,  are  rarely  capable  of  exact  defini- 
tion. They  have  been  devised  in  order  to  express  asser- 
tions, often  very  important,  yet  very  vaguely  conceived :, 
and  the  signification  of  the  word  is  extended,  as  far  as  the 
assertion  conveyed  by  it  can  be  extended,  by  apparent 
connexion  or  by  analogy.  And  thus  in  all  the  attempts 
of  man  to  grasp  at  knowledge,  we  have  an  exemplification 
of  that  which  we  have  stated  as  the  rule  of  induction, 
that  Definition  and  Proposition  are  mutually  dependent, 
each  adjusted  so  as  to  give  value  and  meaning  to  the 
other:  and  this  is  so,  even  when  both  the  elements  of 
truth  are  defective  in  precision :  the  Definition  being  re- 
placed by  an  incomplete  description  or  a  loose  reference 
to  a  Type ;  and  the  Proposition  being  in  a  corresponding 
degree  insecure. 

1 6.  Thus  the  study  of  Natural  History,  as  a  corrective 
of  the  belief  that  definitions  are  essential  to  substantial 
truth,  might  be  of  great  use ;  and  the  advantage  which 
might  thus  be  obtained  is  such  as  well  entitles  this  study 
to  a  place  in  a  liberal  education.  We  may  further 
observe,  that  in  order  that  Natural  History  may  produce 
such  an  effect,  it  must  be  studied  by  inspection  of  the 
objects  themselves,  and  not  by  the  reading  of  books  only. 
Jts  lesson  is,  that  we  must  in  all  cases  of  doubt  or  obscu- 
rity refer,  not  to  words  or  definitions,  but  to  things.  The 
Book  of  Nature  is  its  dictionary :  it  is  there  that  the 
natural  historian  looks,  to  find  the  meaning  of  the  words 
which  he  uses*.     So  long  as  a  plant,  in  its  most  essential 

*  It  is  a  curious  example  of  the  influence  of  the  belief  in  defi|iitioK 
that  elementary  books  have  been  written  in  which  Natural  HjitoPjp^ 
taught  in  the  way  of  question  and  answer,  and  consequently  by  meanft 
of  words  alone.    In  such  a  scheme,  of  course  all  objects  aie^i^fiiMf;  and 
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parte,  is  more  like  a  rose  than  anything  else,  it  is  a  rose. 
He  knows  no  other  definition. 

17.  (VL)  W^irestMuhed  Ideas  alone  to  be  used^^ 
We  may  assert  in  general  what  we  have  above  stated 
speciallj  with  reference  to  the  fundamental  principles  of 
chemistry : — ^no  Ideas  are  suited  to  become  the  elements 
of  elementary  education,  till  they  have  not  only  become 
perfectly  distinct  and  fixed  in  the  minds  of  the  leading 
cultivators  of  the  science  to  which  they  belong ;  but  till 
they  have  been  so  for  some  considerable  period.  The 
entire  clearness  and  steadiness  of  view  which  is  essential 
to  sound  science,  must  have  time  to  extend  itself  to  t 
wide  circle  of  disciples.  The  views  and  principles  wfaicli 
are  detected  hy  the  most  profound  and  acute  philosophm» 
are  soon  appropriated  by  all  the  most  intelligent  tfid 
active  minds  of  their  own  and  of  the  following  generic 
tions ;  and  when  this  has  taken  place,  (and  not  till  then,) 
it  is  right,  by  a  proper  constitution  of  our  libnrnl  educs- 
tion,  to  extend  a  general  knowledge  of  such  principles  to 
all  cultivated  persons.  And  it  follows,  from  this  view  of 
the  -  matter,  that  we  are  by  no  means  to  be  in  haste  to 
adopt,  into  our  course  of  education,  all  new  discoveriei 
as  soon  as  they  are  made.  They  require  some  time,  in 
order  to  settle  into  their  proper  place  and  position  in 
men's  minds,  and  to  show  themselves  under  their  true 
aspects ;  and  till  this  is  done,  we  confose  and  disturb^ 
rather  than  enlighten  and  unfold,  the  ideas  of  learners, 
by  introducing  the  discoveries  into  our  elementary  instruc- 
tion. Hence  it  was  perhaps  reasonable  that  a  century 
should  elapse  from  the  time  of  Galileo  before  the  rigor- 

we  may  easily  anticipate  the  value  of  the  kuowledge  thus  conveyed. 
Thus,  *^  Iron  is  a  well-known  hard  metal,  of  a  darkid^  gray  ooloor,  and 
very  elastic :"  ^'  Copper  is  an  orange-coloured  metal,  more  aononms 
than  any  other,  and  the  most  elastic  of  any  except  iron,*'  This  n  to 
pervert  tjjoamining  of  education,  and  to  make  it  a  buaineaa  of  men 
words. 
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0U8  teaching  of  mechanics  became  a  general  element  of 
intellectual  training ;  and  the  doctrine  of  universal  gra- 
▼itation  was  hardly  ripe  for  such  an  employment  till  the 
end  of  the  last  century.  We  must  not  direct  the  un- 
formed youthful  mind  to  launch  its  little  bark  upon  the 
waters  of  speculation,  till  all  the  agitation  of  discovery, 
with  its  consequent  fluctuation  and  controversy,  has  well 
subsided. 

18.  But  it  may  be  asked,  How  is  it  that  time  operates 
to  give  distinctness  and  evidence  to  scientific  ideas  ?  In 
what  way  does  it  happen  that  views  and  principles, 
obscure  and  wavering  at  first,  after  a  while  become 
luminous  and  steady  ?  Can  we  point  out  any  process, 
any  intermediate  steps,  by  which  this  result  is  produced  ? 
If  we  can,  this  process  must  be  an  important  portion  of 
the  subject  now  under  our  consideration. 

To  this  we  reply,  that  the  transition  from  the  hesi- 
tation  and  contTadiction  with  which  true  ideas  are  first 
received,  to  the  general  assent  and  clear  apprehension 
which  they  afterwards  obtain,  takes  place  through  various 
arguments  for  and  against  them,  and  various  modes  of 
presenting  and  testing  them,  all  which  we  may  include 
under  the  term  Discussion,  which  we  have  already  men- 
tioned as  the  second  of  the  two  ways  by  which  scientific 
views  are  developed  into  full  maturity. 


Chapter  IV. 

OP  METHODS  OF  ACQUIRING  CLEAR  SCIENTIFIC 
IDEAS,  continued.— OF  THE  DISCUSSION  OF  IDEAS. 

1.  It  is  easily  seen  that  in  every  part  of  science,  the 
establishment  of  a  new  set  of  ideas  has  been  accompanied 
with  much  of  doubt  and  dissent.    And  by  means  of  dis- 
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cus8ions  80  occasioned,  the  new  conceptions,  and  the 
opinions  \('hich  involve  them,  have  gradually  become 
definite  and  clear.  The  authors  and  asserters  of  the  new 
Opinions,  in  order  to  make  them  defensible,  have  beeo 
compelled  to  make  tliem  consistent  :•  in  order  to  recom* 
mend  them  to  others,  they  have  been  obliged  to  make 
them  more  entirely  intelligible  to  themselves.  And  thuf 
the  terms  which  formed  the  main  points  of  the  contro- 
versy, although  applied  in  a  loose  and  vacillating  manner 
lit  first,  have  in  the  end  become  perfectly  definite  and 
exact  The  opinions  discussed  have  been,  in  their  Inain 
features,  the  same  throughout  the  debate ;  but  they  have 
at  first  been  dimly,  and  at  last  clearly  Apprehended: 
like  the  objects  of  a  landscape,  at  vrhich  we  look  throttgii 
a  telescope  ill  adjusted,  till,  by  sliding  the  tube  backwards 
and  forwards,  we  at  last  bring  it  into  focus,  and  perceive 
ievery  feature  of  the  prospect  sharp  and  bright^ 

2.  We  have  in  the  last  Book  but  one*  fully  exein- 
pliified  this  gradual  progress  of  conceptions  from  obscurity 
to  clearness  by  means  of  Discussion.     We  have  seen,  too, 
that  this  mode  of  treating  the  subject  has  never  been 
successful,  except  when  it  has  been  associated  with  an 
appeal  to  facts  as  well  as  to  reasonings.     A  combination 
of  experiment  with  argument,  of  observation  with  demon- 
stration, has  always  been  found  requisite  in  ordet  that 
men  should  arrive  at  those  distinct  conceptions  which 
give  them  substantial  truths.     The  arguments  used  led 
to  the  rejection  of  undefined,  ambiguous,  self-contradictory 
notions ;  but  the  reference  to  facts  led  to  the  selection,  or 
at  least  to  the  retention,  of  the  conceptions  which  were 
both  true  and  useful.     The  two  correlative   processes, 
definition  and  true  assertion,  the  formation  of  clear  ideas 
and  the  induction  of  laws,  went  on  together. 

*  B.  zi.  c.  2,  Of  the  Explication  of  ConceptiooB. 


DISCUSSION  OP  roEAs.  523 

Thus  those  discussions  by  which  scientific  conceptions 
are  rendered  ultimately  quite  distinct  and  fixed,  include 
both  reasonings  from  principles  and  illustrations  from 
facts.  At  present  we  turn  our  attention  more  peculiarly 
to  the  former  part  of  the  process;  according  to  the 
distinction  already  drawn,  between  the  explication  of 
conceptions  and  the  colligation  of  facts.  The  Discussions 
of  which  we  here  speak,  are  the  Method  (if  they  may  be 
called  a  method)  by  which  the  Explication  of  Conceptions' 
is  carried  to  the  requisite  point  among  philosophers. 

3.  In  the  scrutiny  of  the  Fundamental  Ideas  of  the 
Sciences  which  forms  the  previous  Part  of  this  work,  and 
in  the  History  of  the  Inductive  Sciences^  I  have,  in  several 
instances,  traced  the  steps  by  which,  historically  speaking; 
these  Ideas  have  obtained  their  ultimate  and  permanent 
place  in  the  minds  of  speculative  men.  I  have  thus 
exemplified  the  reasonings  and  controveries  which  con- 
stitute such  Discussion  as  we  now  speak  of.  I  have 
stated,  at  considerable  length,  the  various  attempts,  fail- 
ures, and  advances,  by  which  the  ideas  which  enter  into 
the  science  of  mechanics  were  evolved  into  their  present 
evidence.  In  like  manner  we  have  seen  the  conception 
of  refracted  rays  of  light,  obscure  and  confused  in  Seneca, 
growing  clearer  in  Roger  Bacon,  more  definite  in  Des- 
cartes, perfectly  distinct  in  Newton.  The  polarity  of 
light,  at  first  contemplated  with  some  perplexity,  became 
very  distinct  to  Mains,  Young,  and  Fresnel;  yet  the 
phenomena  of  circular  polarization,  and  still  more,  the 
circular  polarization  of  fluids,  leave  us,  even  at  present, 
some  difliculty  in  fully  mastering  this  conception.  The 
related  polarities  of  electricity  and  magnetism  are  not  yet 
fiilly  comprehended,  even  by  our  greatest  philosophers. 
One  of  Mr.  Faraday's  late  papers  (the  Fourteenth  Series 
of  his  Researches)  is  employed  in  an  experimental  dis- 
cussion  of  this  subject,  which  leads  to  no   satisfactory 
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result  The  controversy  between  Biot  and  Amp^^ 
on  the  nature  of  the  elementary  forcee  in  eleetro-dyDamio 
action,  is  another  evidence  that  the  discussion  of  this 
subject  has  not  jet  reached  its  termination.  With  regard 
to  chemical  polarity,  I  have  already  stated  that  this  ides 
is  as  yet  very  far  from  being  brought  to  an  ultimate  con- 
dition of  definiteness ;  and  the  subject  of  chemioaJ  forces, 
(for  the  whole  subject  must  be  included  in  this  idea  of 
polarity,)  which  has  already  occasioned  much  perplexity 
and  controversy,  may  easily  occasion  much  more,  before  it 
is  settled  to  the  satisfaction  of  the  philosophical  worid. 
The  ideas  of  the  dassificatory  sciences  also  have  of  lats 
been  undergoing  much,  and  very  instructive  discussion, 
in  the  controversies  respecting  the  relations  and  offices  of 
the  natural  and  artificial  methods.  And  with  regard  to 
physiological  ideas,  it  would  hardly  be  too  much  to  saji 
that  the  whole  history  of  physiology  up  to  the  present 
time  has  consisted  of  the  discussion  of  the  fundamental 
ideas  of  the  science,  such  as  vital  forces,  nutrition,  repro- 
duction, and  the  like.  We  have  had  before  us  at  some 
length,  in  the  present  work,  a  review  of  the  opposite 
opinions  which  have  been  advanced  on  this  subject ;  and 
have  attempted  in  some  degree  to  estimate  the  direction 
in  which  these  ideas  are  permamently  settling.  Bat 
without  attaching  any  importance  to  this  attempt,  the 
account  there  given  may  at  least  serve  to  show,  how 
important  a  share  in  the  past  progress  of  this  subject  the 
discussion  of  its  fundamental  ideas  has  hitherto  had. 

4.  There  is  one  reflection  which  is  veiy  pointedly 
suggested  by  what  has  been  said.  The  manner  in  which 
our  scientific  ideas  acquire  their  distinct  and  ultimate 
form  being  such  as  has  been  described,— always  involving 
much  abstract  reasoning  and  analysis  of  our  conceptions, 
often  much  opposite  argumentation  and  debate; ^how 
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unpbilosophical  is  it  to  speak  of  abstraction  and  analysis, 
of  dispute  and  controversy,  as  fiivolous  and  unprofitable 
processes,  by  whicb  true  science  can  never  be  benefitted ; 
and  to  put  such  employments  in  antithesis  with  the  study 
of  facts ! 

Yet  some  writers  are  accustomed  to  talk  with  con- 
tempt  of  all  past  controversiei^  and  to  wonder  at  the  blind-* 
ness  of  those  who  did  not  at  first  take  the  view  which 
was  established  at  last.  Such  persons  forget  that  it  was 
precisely  the  controversy,  which  established  among  specu* 
lative  men  that  final  doctrine  which  they  themselves  have 
quietly  accepted.  It  is  true,  they  have  had  no  diflSculty 
in  thoroughly  adopting  the  truth ;  but  that  has  occurred 
because  all  dissentient  doctrines  have  been  suppressed 
and  forgotten ;  and  because  systems,  and  books,  and  Ian-« 
guage  itself,  have  been  accommodated  peculiarly  to  the 
expression  of  the  accepted  truth.  To  despise  those  who 
have,  by  their  mental  struggles  and  conflicts,  brought  the 
subject  into  a  condition  in  which  error  is  almost  out  of 
our  reach,  is  to  be  ungrateful  exactly  in  proportion  to  the 
amount  of  the  benefit  received.  It  is  as  if  a  child^  when 
its  teacher  had  with  many  trials  and  much  trouble  pre- 
pared  a  telescope  so  that  the  vision  through  it  was  dis- 
tinct, should  wonder  at  his  stupidity  in  pushing  the  tube 
of  the  eye-glass  out  and  in  so  often. 

6.  Again,  some  persons  condemn  all  that  we  have 
here  spoken  of  as  the  discussion  of  ideas,  terming  it  meta-^ 
physical :  and  in  this  spirit,  one  writer*  has  spoken  of 
the  "metaphysical  period"  of  each  science,  as  preceding 
the  period  of  "positive  knowledge."  But  as  we  have, 
seen,  that  process  which  is  here  termed  "  metaphysical," 
— ^the  analysis  of  our  conceptions  and  the  exposure  of 
their  inconsistencies, — (accompanied  with  the  study  of 
facts,) — ^has  always  gone  on  most  actively  in  the  most 
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prosperous  periods  of  each  science.  There  is,  in  Galileo, 
Kepler,  Gassendi,  anid  the  other  fathers  of  meohanical 
philosophy,  as  much  of  metaphysics  as  in  their  adversaries. 
The  main  difference  is,  that  the  metaphysics  is  of  a  better 
kind;  it  is  more  conformable  to  metaphysical  truth. 
And  the  same  is  the  case  in  other  sciences.  Nor  csn  it 
be  otherwise.  For  all  truth,  before  it  can  be  consistent 
\rith  facts,  must  be  consistent  with  itself:  and  although 
this  rule  is  of  undeniable  authority,  its  Application  is  often 
far  from  easy.  The  perplexities  and  ambiguities  which 
arise  from  our  having  the  same  idea  presented  to  us 
under  different  aspects,  are  often  difficult  to  disentangle: 
and  no  common  acuteness  and  steadiness  of  thought 
must  be  expended  on  the  task.  It  would  be  easy  to 
adduce,  from  the  works  of  all  great  discoverers,  passages 
more  profoundly  metaphysical  than  any  which  are  to  be 
found  in  the  pages  of  barren  A  priori  reasbners. 

6.  As  we  have  said,  these  metaphysical  discussions 
are  not  to  be  put  in  opposition  to  the  study  of  facts ;  but 
are  to  be  stimulated,  nourished  and  directed  by  a  con- 
stant recourse  to  experiment  and  observation.  The  ctd- 
tivation  of  ideas  is  to  be  conducted  as  having  for  its 
object  the  connexion  of  facts;  never  to  be  pursued  as  a 
mere  exercise  of  the  subtilty  of  the  mind,  striving  to 
build  up  a  world  of  its  own,  and  neglecting  that  which 
exists  about  us.  For  although  man  may  in  this  way  please 
himself,  and  admire  the  creations  of  his  own  brain,  he 
can  never,  by  this  course,  hit  upon  the  refal  scheme  of 
nature.  With  his  ideas  unfolded  by  educaition,  sharpened 
by  controversy,  rectified  by  metaphysics,  he  may  under- 
stand the  natural  world,  but  he  cannot  invetit  it.  At 
every  step,  he  must  try  the  value  of  the  advances  he  has 
made  in  thought,  by  applying  his  thoughts  to  things. 
The  Explication  of  Conceptions  must  be  carried  on  Avith 
a  perpetual  reference  to  the  Colligation  of  Facts. 
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Haviug  here  treated  of  Ekiucation  and  Discussion  as 
the  methods  by  which  the  former  of  these  two  processes 
is  to  be  promoted,  we  have  now  to  explain  the  methods 
which  science  employs  in  order  most  successfully  to 
execute  the  latter.  But  the  Colligation  of  Facts,  as 
already  stated,  may  offer  to  us  two  steps  of  a  very  different 
kind, — the  laws  of  Phenomena,  and  their  CausQS.  We 
shall  first  describe  some  of  the  methods  employed  in 
obtaining  truths  of  the  former  of  these  two  kinds. 


Chapter  V. 
ANALYSIS  OF  THE  PROCESS  OP  INDUCTION. 

Sect.  I.  The  Three  Sieps  of  IirhdtLction. 

1.  When  facts  have  been  decomposed  and  phenomena 
measured,  the  philosopher  endeavours  to  combine  them 
into  general  laws,  by  the  aid  of  ideas  and  conceptions, 
these  being  illustrated  and  regulated  by  such  means  as 
we  have  spoken  of  in  the  last  two  chapters.  In  this  task, 
of  gathering  laws  of  nature  from  observed  facts,  as  we 
have  already  said^,  the  natural  sagacity  of  gifted  minds  is 
the  power  by  which  the  greater  part  of  the  successful 
results  have  been  obtained ;  and  this  power  will  probably 
always  be  more  efficacious  than  any  Method  can  be. 
Still  there  are  certain  methods  of  procedure  which  may 
in  such  investigations  give  us  no  inconsiderable  aid,  and 
these  I  shall  endeavour  to  expound. 

2.  For  this  purpose,  I  remark  that  the  Colligation  of 
ascertained  facts  into  general  propositions  may  be  con- 
sidered as  containing  three  steps,  which  I  'shall  term  the 
Selection  of  the  Idea^  the  Construction  of  the  Conception^ 
and  the  Determination  of  the  Magnitudes.     It  will  be  recol- 
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lected  that  by  the  word  IdeHy  (or  Fundamental  Idea,) 
used  in  a  peculiar  sense,  I  mean  certain  wide  and  genenl 
fields  of  intelligible  relation,  such  as  Space,  Number, 
Cause,  Likeness;  while  by  Conception  I  denote  more 
special  modifications  of  these  ideas,  as  a  circle^  a  $qwn 
number^  a  uniform  force^  a  like  form  of  flower.  Now  in 
order  to  establish  any  law  by  reference  to  foots,  we  mmt 
sellect  the  true  Idea  and  the  true  Conceptian.  For  exuH 
pie;  when  Hipparchus  found*  that  the  distance  of  the 
bright  star  Spiea  Virginis  from  the  equinoxial  point  had 
increased  by  two  degrees  in  about  two  hundred  yean^ 
and  desired  to  reduce  this  change  to  a  law,  he  had  first 
to  assign,  if  possible,  the  idea  on  which  it  depended  ;— 
whether  it  was  regulated  for  instance,  by  ^pace,  or  bj 
time ;  whether  it  was  determined  by  the  positions  of  otber 
stars  at  each  moment,  or  went  on  progresBivelj  with  tbe 
lapse  of  ages.  And  when  there  was  found  reason  to 
select  time  as  the  regulative  idea  of  this  change,  it  wai 
then  to  be  determined  how  the  change  went  on  with  the 
time; — whether  uniformly,  or  in  some  other  manner: 
the  conceptioTh  or  the  rule  of  the  progression,  was  to  be 
rightly  constructed.  Finally,  it  being  ascertained  that 
the  change  did  go  on  uniformly,  the  question  then  occurred 
what  was  its  amount: — ^whether  exactly  a  degree  in  a 
century,  or  more,  or  less,  and  how  much :  and  thus  the  I 
determination  of  the  magnitude  completed  the  discorery 
of  the  law  of  phenomena  respecting  this  star. 

3.  Steps  similar  to  these  three  may  be  discerned  in 
all  other  discoveries  of  laws  of  nature.  Thus,  in  investi'* 
gating  the  laws  of  the  motions  of  the  sun,  moon  or 
planets,  we  find  that  these  motions  may  be  resolved, 
besides  a  uniform  motion,  into  a  series  of  partial  motions, 
or  Inequalities ;  and  for  each  of  these  Inequalities,  we 
have  to  learn  upon  what  it  directly  depends,  whether 

*  ffht.  Ind.  JM.y  I  187. 


ANALYSIS  OF  THE  PROCESS  OF  INDUCTION.  529 

upon  the  progress  of  time  only,  or  upon  some  configura- 
tion of  the  heavenly  bodies  in  space ;  then,  we  have  to 
ascertain  its  law ;  and  finally,  we  have  to  determine  what 
is  its  amount.  In  the  case  of  such  Inequalities,  the 
fundamental  element  on  which  the  Inequality  depends,  is 
called  the  Argument  And  when  the  Inequality  has  been 
fully  reduced  to  known  rules,  and  expressed  in  the  form 
of  a  Table,  the  Argument  is  the  fundamental  series  of 
numbers  which  stands  in  the  margin  of  the  Table,  and  by 
means  of  which  we  refer  to  the  other  numbers  which 
express  the  Inequality.  Thus,  in  order  to  obtain  from  a 
Solar  Table  the  Inequality  of  the  sun's  annual  motion, 
the  Argument  is  the  number  which  expresses  the  day  of 
the  year;  the  Inequalities  for  each  day  being  (in  the 
Table)  ranged  in  a  line  corresponding  to  the  days.  More- 
over, the  Argument  of  an  Inequality  being  assumed  to 
be  known,  we  must,  in  order  to  calculate  the  Table,  that 
is,  in  order  to  exhibit  the  law  of  nature,  know  also  the 
Law  of  the  Inequality,  and  its  Amount  And  the  inves- 
tigation of  these  three  things,  the  Argument,  the  Law, 
and  the  Amount  of  the  Inequality,  represents  the  three 
steps  above  described,  the  Selection  of  the  Idea,  the  Con- 
struction of  the  Conception,  and  the  Determination  of 
the  Magnitude. 

4.  In  a  great  body  of  cases,  mathematical  language  and 
calculation  are  used  to  express  the  connexion  between 
the  general  law  and  the  special  facts.  And  when  this  is 
done,  the  three  steps  above  described  may  be  spoken  of 
as  the  Selection  of  the  Independent  Variable^  the  Con- 
struction of  the  Formula^  and  the  Determination  of  the 
Coefficients.  It  may  be  worth  our  while  to  attend  to  an 
exemplification  of  this.  Suppose  then,  that,  in  such 
observations  as  we  have  just  spoken  of,  namely,  the  shift- 
ing of  a  star  from  its  place  in  the  heavens  by  an  unknown 
law,  astronomers  had,  at  the  end  of  three  successive  years, 

VOL.   II.  2  M 


530     METHODS  EMPLOYED  IN  THE  FORMATION  OP  SCIENCE. 

found  that  the  star  had  removed  by  3,  by  8,  and  by  15 
minutes  from  its  original  place.  Suppose  it  to  be  asce^ 
tained  also,  by  methods  of  which  we  shall  hereafter  treat, 
that  this  change  depends  upon  the  time ;  we  must  then 
take  the  time^  (which  we  may  denote  by  the  symbol  /,)  for 
the  independent  variuMe.  But  though  the  star  changes  its 
place  with  the  time,  the  change  is  not  proportional  to 
the  time ;  for  its  motion  which  is  only  3  minutes  in  the 
first  year,  is  5  minutes  in  the  second  year,  and  7  in  the 
third.  But  it  is  not  difficult  for  a  person  a  little  versed 
in  mathematics  to  perceive  that  the  series  3»  8,  15,  may 
be  obtained  by  means  of  two  terms,  one  of  which  is  pro- 
portional to  the  time,  and  the  other  to  the  square  of  the 
time ;  that  is,  it  is  expressed  by  the  formula  a<  +  ^ 
The  question  then  occurs,  what  are  the  values  of  the 
coefficiefiis  a  and  b ;  and  a  little  examination  of  the  case 
shows  us  that  a  must  be  2,  and  byl:  so  that  the  formula 
is  2t  -h  tt.  Indeed  if  we  add  together  the  series  2,  4,  6^ 
which  expresses  the  change  proportional  to  the  time,  and 
1,  4,  9,  which  is  proportional  to  the  square  of  the  time^ 
we  obtain  the  series  3,  8,  15,  which  is  the  series  of  num- 
bers given  by  observation.  And  thus  the  three  steps 
which  give  us  the  Idea,  the  Conception,  and  the  Magni* 
tudes ;  or  the  Argument,  the  Law,  and  the  Amount,  of 
the  change ;  give  us  the  Independent  Variable,  the  For- 
mula, and  the  Coefficients,  respectively. 

We  now  proceed  to  offer  some  suggestions  of  methods 
by  which  each  of  these  steps  may  be  in  some  degree 
promoted. 

Sect.  II.  Of  the  Selection  of  the  Fundamental  Idea. 

5.  When  we  turn  our  thoughts  upon  any  assemblage 
of  facts,  with  a  view  of  collecting  from  them  some  con- 
nexion or  law,  the  most  important  step,  and  at  the  same 
time  that  in  which  rules  can  least  aid  us,  is  the  Selection 
of  the  Idea  by  which  they  are  to  be  collected.     So  long 
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as  this  idea  has  qot  been  4etecie4i  all  seems  to  be  hope^ 
less  confusion  or  insulai^ted  facts;  when  tbe  conneeting 
idea  has  been  cfmgH  sight  Qf>  we  oonatantlj  regard  the 
fleets  with  reference  to  their  connexion,  and  wonder  that 
it  should  he  possible  for  anj  one  to  consider  them  in  a^j 
other  point  of  view. 

Thus  the  different  seasons,  and  the  yarious  aspects  of 
the  heavenly  bodies,  might  at  first  appear  to  be  direet 
manifestations  from  some  superior  power,  which  man 
could  not  even  understand :  but  it  was  soon  found  that 
the  ideas  of  time  and  space,  of  motion  and  recurrence^ 
would  give  coherency  to  many  of  the  phenomena.  Yet 
this  took  place  by  successive  steps.  Eclipses,  for  a  long 
period,  seemed  to  follow  no  law ;  and  being  very  remark- 
able events,  continued  to  be  deemed  the  indications  of  a 
supernatural  will,  after  the  common  motions  of  the 
heavens  were  seen  to  be  governed  by  relations  of  tjme 
and  space.  At  length,  however,  the  Chaldeans  discovered 
that,  after  a  period  of  eighteen  years,  similar  seta  of 
eclipses  recur ;  and,  thus  selecting  the  idea  of  time,  slmply» 
as  that  to  which  these  events  were  to  be  referred,  they 
were  able  to  reduce  them  to  rule ;  and  from  that  time 
eclipses  were  recognized  as  parts  of  a  regular  order  of 
things.  We  may,  in  the  same  manner,  consider  any  other 
course  of  events,  and  may  inquire  by  what  idea  they  are 
bound  together.  For  example,  if  we  take  the  weather» 
years  peculiarly  wet  or  dry,  hot  and  cold,  productive  and 
unproductive,  follow  each  other  in  a  manner  which,  at 
first  sight  at  least,  seems  utterly  lawless  and  irregular. 
Now  can  we  in  any  way  discover  some  rule  and  order  in 
these  occuirences  ?  Is  there,  for  example,  in  these  events, 
as  In  eclipses,  a  certain  cycle  of  years,  after  whicl^i  like 
seasons  come  round  again  ?  or  does  the  weather  depend 
upon  the  force  of  some  extraneous  body-*>ibr  instunee^ 
the  moon — and  follow  in  some  way  her  aspects?   or 
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would  the  most  proper  way  of  investigating  this  subject 
be  to  consider  the  effect  of  the  moisture  and  heat  of 
various  tracts  of  the  earth's  surface  upon  the  ambient  air? 
It  is  at  our  choice  to  try  these  and  other  modes  of  obtain- 
ing a  science  of  the  weather :  that  is,  we  may  refer  the 
phenomena  to  the  idea  of  time^  introducing  the  conception 
of  a  cycle ; — or  to  the  idea  of  external  forces  by  the  con- 
ception of  the  moon's  action ; — or  to  the  idea  of  muiud 
action^  introducing  the  conceptions  of  thermotical  and 
atmological  agencies,  operating  between  different  regions 
of  earth,  water,  and  air. 

6.  It  may  be  asked.  How  are  we  to  decide  in  such 
alternatives  ?     How  are  we  to  select  the  one  right  idea 
out  of  several  conceivable  ones  ?     To  which  we  can  onlj 
reply,  that  this  must  be  done  by  trying  which  will  succeed. 
If  there  really  exist  a  cycle  of  the  weather,  as  well  as  of 
eclipses,  it  must  be  established  by  comparing  the  asserted 
cycle  with  a  good  register  of  the  seasons,  of  sufficient 
extent.     Or  if  the  moon  really  influence  the  meteoro- 
logical conditions  of  the  air,  the  asserted  influence  must 
be  compared  with  the  observed  facts,  and  so  accepted  or 
rejected.     When  Hipparchus  had  observed  the  increase 
of  longitude  of  the  stars,  the  idea  of  a  motion  of.  the 
celestial  sphere  suggested  itself  as  the  explanation  of  the 
change ;  but  this  thought  was  verified  only  by  observing 
several  stars.     It  was  conceivable  that  each  star  should 
have  an  independent  motion,  governed  by  time  onlv,  or 
by  other  circumstances,  instead  of  being  regulated  by  its 
place  in  the  sphere ;  and  this  possibility  could  be  rejected 
by  trial  alone.    In  like  manner,  the  original  opinion  of  the 
composition  of  bodies  supposed  the  compounds  to  derive 
their  properties  from  the  elements  according  to  the  law 
of  likeness ;  but  this  opinion  was  overturned  by  a  thousand 
facts ;  and  thus  the  really  applicable  idea  of  chemical  com- 
position was  introduced  in  modern  times.     la  what  has 
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already  been  said  on  the  History  of  Ideas,  we  have  seen 
how  each  science  was  in  a  state  of  confusion  and  darkness 
till  the  right  idea  was  introduced. 

7.  No  general  method  of  evolving  such  ideas  can  be 
given.  Such  events  appear  to  result  from  a  peculiar 
sagacity  and. felicity  of  mind; — ^never  without  labour, 
never  without  preparation ; — ^yet  with  no  constant  depend- 
ence upon  preparation,  or  upon  labour,  or  even  entirely 
upon  personal  endowments.  Newton  explained  the 
colours  which  refraction  produces,  by  referring  each 
colour  to  a  peculiar  angle  of  refraction^  thus  introducing 
the  right  idea.  But  when  the  same  philosopher  tried  to 
explain  the  colours  produced  by  diffraction,  he  erred,  by 
attempting  to  apply  the  same  idea,  (the  course  of  a  single 
ray^  instead  of  applying  the  truer  idea  of  the  interference 
of  two  rays.  Newton  gave  a  wrong  rule  for  the  double 
refraction  of  Iceland  spar,  by  making  the  refraction 
depend  on  the  edges  of  the  rhombohedron :  Huyghens, 
more  happy,  introduced  the  idea  of  the  a^is  of  symmetry 
of  the  solid,  and  thus  was  able  to  give  the  true  law  of  the 
phenomena. 

8.  Although  the  selected  idea  is  proved  to  be  the 
right  one,  only  when  the  true  law  of  nature  is  established 
by  means  of  it,  yet  it  often  happens  that  there  prevails 
a  settled  conviction  respecting  the  relation  which  must 
afford  the  key  to  the  phenomena,  before  the  selection  has 
been  confirmed  by  the  laws  to  which  it  leads.  Even 
before  the  empirical  laws  of  the  tides  were  made  out,  it 
was  not  doubtful  that  these  laws  depended  upon  the 
places  and  motions  of  the  sun  and  mooti.  We  know  that 
the  crystalline  form  of  a  body  must  depend  upon  its  che- 
mical composition,  though  we  are  as  yet  unable  to  assign 
the  law  of  this  dependence. 

Indeed  in  most  cases  of  great  discoveries,  the  right 
idea  to  which  the  facts  were  to  be  referred,  was  seleoted 
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by  many  phllosopheti^,  before  the  clecteive  dembtostralion 
thiat  it  iaas  the  right  ideA,  Was  giVeto  by  the  discoverer. 
Thus  Newton  showed  that  the  ihotidhs  of  the  plancb 
liiight  be  explaihed  by  means  of  a  <ientral  foite  in  the 
sUti !  but  though  he  established,  he  did  not  filrst  select 
the  idea  involved  in  the  conception  df  a  central  foitet 
The  idea  had  already  been  sufficiently  pointed  out,  dimlj 
by  Kepleir,  more  dearly  by  Borelli,  Hiiyghena,  Wren, 
and  Hooke.  Indeed  this  anti^t^iplition  of  the  true  idea  is 
always  a  principal  part  of  that  vriiich,  in  the  History  of 
the  Seiences,  We  have  tertned  the  Prdkde  of  A  Discbveir. 
The  two  stepS)  of  proposing  a  philosophical  problem,  and 
of  soimn^  it,  are,  as  we  have  elsewhere  said,  both  import- 
ahtj  and  are  often  performed  by  different  persons.  l%e 
fbrmer  step  is,  in  fact,  the  Selection  of  the  Idea.  Itt 
explaihing  any  chUhge^  We  have  to  disciOVer  firgt  the  Arp- 
MefUj  and  then  the  Lata  of  the  change.  The  iselection  rf 
th<d  Argumeht  is  the  step  of  which  We  heiie  speak ;  and 
is  thM  in  Which  inventiveness  of  mind  aiid  justness  of 
thought  are  mainly  shown. 

9.  Although,  as  we  have  said,  we  can  give  few  predte 
dilrections  for  this  cardinal  process,  the  Seliectibn  of  the 
IdeiG^  in  speculating  on  phenomena,  yet  thete  is  on^  Rale 
Which  may  hiave  its  use:  it  is  this: — Tke  idea  tmd  Ae 
fxcf^  mn^  be  komoffenetms :  the  elementary  Conceptions, 
into  which  the  facts  have  been  decomposed,  must  be  of 
th^  tome  natut^  as  the  Idea  by  which  we  attempt  to 
(Collect  them  into  laws.  Thus,  if  ftcts  hav^  be^n  observed 
and  measumd  by  reference  to  space,  they  must  be  boutHl 
together  by  the  idea  of  space :  if  we  veould  obtain  i 
knovriedge  of  mechanical  forces  in  the  solar  system,  we 
must  obsek've  mechanical  phenomena.  K^er  emA 
against  this  rule  in  his  attempto  at  obtainibir  physteal 
iHWS  of  the  system;  for  the  ftets  iHiich  he  ixnA  ^»«m  the 
iMtMltHf  MM  the  ^ohMffes  of  vehtih^  whieh  ^9^  Ihtally  tM 
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mechanical  facts.  Again,  there  has  been  a  transgression 
of  this  Rule  committed  by  all  chemical  philosophers  who 
have  attempted  to  assign  the  relative  position  of  the  ele- 
mentary particles  of  bodies  in  their  component  molecules. 
For  their  purpose  has  been  to  discover  the  relations  of  the 
particles  in  space ;  and  yet  they  have  neglected  the  only 
fects  in  the  constitution  of  bodies  which  have  a  reference 
to  space^ — namely,  crystalline  form^  and  optical  properties. 
No  progress  can  be  made  in  the  theory  of  the  elementary 
structure  of  bodies,  without  making  these  classes  of  facts 
the  main  basis  of  our  speculations. 

10.  The  only  other  Rule  which  I  have  to  offer  on  this 
subject,  is  that  which  I  have  already  given : — the  Idea 
must  be  tested  by  the  facts.  It  must  be  tried  by  applying 
to  the  fects  the  conceptions  which  are  derived  from  the 
idea,  and  not  accepted  till  some  of  these  succeed  in  giving 
the  law  of  the  phenomena.  The  justice  of  the  suggestion 
cannot  be  known  otherwise  than  by  making  the  trial. 
If  we  can  discover  a  trtie  law  by  employing  any  concep- 
tions, the  idea  from  which  these  conceptions  are  derived 
is  the  right  one ;  nor  can  there  be  any  proof  of  its  right- 
ness  so  complete  and  satisfactory,  as  that  we  are  by  it  led 
to  a  solid  and  permanent  truth. 

This,  however,  can  hardly  be  termed  a  Rule ;  for  when 
we  would  know,  to  conjecture  and  to  try  the  truth  <rf 
our  conjecture  by  a  comparison  with  the  fex^ts,  is  the 
natural  and  obvious  dictate  of  common  sense. 

Supposing  the  Idea  which  we  adopt,  or  which  we 
would  try,  to  be  now  fixed  upon,  we  Still  have  before  tts 
the  range  of  many  Conceptions  derived  from  it ;  many 
Formulae  may  be  devised  depending  on  the  Mme  Inde- 
{>endent  Variable,  and  we  must  now  conmd<^  how  our 
oel^tion  QBiong  these  is  to  be  made. 
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Chapter  VL 

GENERAL  RULES  FOR  THE  CONSTRUCTION  OF 

THE  CONCEPTION. 

1.  In  speaking  of  the  discovery  of  laws  of  nature, 
those  which  depend  upon  quantity^  as  number,  space,  and 
the  like,  are  most  prominent  and  most  easilj  conceived, 
and  therefore  in  speaking  of  such  researches  we  shall 
often  use  language  which  applies  peculiarly  to  the  cases 
in  which  quantities  numerically  measurable  are  concerned, 
leaving  it  for  a  subsequent  task  to  extend  our  principles 
to  ideas  of  other  kinds. 

Hence  we  may  at  present  consider  the  Construction 
of  a  Conception  which  shall  include  and  connect  the 
facts,  as  being  the  construction  of  a  Mathematical  For- 
mula, coinciding  with  the  numerical  expression  of  the 
facts ;  and  we  have  to  consider  how  this  process  can  be 
facilitated,  it  being  supposed  that  we  have  already  before 
us  the  numerical  measures  given  by  observation. 

2.  We  may  remark,  however,  that  the  construction 
of  the  right  Formula  for  any  such  case,  and  the  deter- 
mination of  the  Coefficients  of  such  formula,  which  we 
have  spoken  of  as  two  separate  steps,  are  in  practice 
almost  necessarily  simultaneous ;  for  the  near  coincidence 
of  the  results  of  the  theoretical  rule  with  the  observed 
facts  confirms  at  the  same  time  the  Formula  and  its  CoeflB- 
cients.  In  this  case  also,  the  mode  of  arriving  at  truth 
Is  to  try  various  hypotheses ; — to  modify  the  hypotheses  so 
as  to  approximate  to  the  facts,  and  to  multiply  the  facts 
so  as  to  test  the  hypotheses. 

The  Independent  Variable,  and  the  Formula  which 
we  would  try,  being  once  selected,  mathematicians  have 
devised  certain  special  and  technical  processes  by  -which 
the  value  of  the  coefficients  may  be  determined.     These 
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we  shall  treat  of  in  the  next  Chapter ;  but  in  the  mean 
time  we  may  note,  in  a  more  general  manner,  the  mode 
in  which,  in  physical  researches,  the  proper  formula  may 
be  obtained. 

3.  A  person  somewhat  versed  in  mathematics,  hav- 
ing before  him  a  series  of  numbers,  will  generally  be  able 
to  devise  a  formula  which  approaches  near  to  those 
numbers.  If,  for  instance,  the  series  is  constantly  pro- 
gressive, he  will  be  able  to  see  whether  it  more  nearly 
resembles  an  arithmetical  or  a  geometrical  progression. 
For  example,  MM.  Dulong  and  Petit,  in  their  investiga- 
tion of  the  law  of  cooling  of  bodies,  obtained  the  following 
series  of  measures.  A  thermometer  was  placed  in  an 
inclosure  of  which  the  temperature  was  0  degrees,  and 
the  rapidity  of  cooling  of  tlie  thermometer  was  noted  for 
many  temperatures.     It  was  found  that 

For  the  temperature  240  the  rapidity  of  cooling  was  10*69 

„                  220                       „  8-81 

200                      „  7-40 

„                 180                       „  6-10 

160                      „  4-89 

140                      „  3-88 

and  so  on.  Now  this  series  of  numbers  manifestly  in- 
creases with  greater  rapidity  as  we  proceed  from  the 
lower  to  the  higher  parts  of  the  scale.  The  numbers  do 
not,  however,  form  a  geometrical  series,  as  we  may  easily 
ascertain.  But  if  we  were  to  take  the  differences  of  the 
successive  terms  we  should  find  them  to  be — 

1-88,  1-41,  1-30,  1-21,  101,  &c. 

and  these  numbers  are  very  nearly  the  terms  of  a  geome- 
tric series.  For  if  we  divide  each  term  by  the  succeeding 
one,  we  find  these  numbers, 

1-33,  109,  1-07,  120,  1-27, 

in  which  there  does  not  appear  to  be  any  constant  ten- 
dency to  diminish  or  increase.     And  we  shall  find  that  a 
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geometrical  series  in  which  the  ratio  is  1*105,  may  be 
tnade  to  approach  very  near  to  thid  iseries,  the  deviadom 
from  it  being  only  such  as  may  be  accounted  for  by  con- 
ceiving them  as  errors  of  observation.  In  this  mann^ 
a  certain  formula*  is  obtained,  giving  results  which  veiy 
nearly  coincide  with  the  observed  &cts,  as  may  be  seen 
in  the  margin. 

The  physical  law  expressed  by  the  formula  just  spoken 
of  is  this : — ^that  when  a  body  is  cooling  in  an  empty 
inclosure  at  a  constant  temperature,  the  quickness  of  the 
cooling,  for  excesses  of  temperature  in  arithmetical  pro- 
gression, increases  as  the  terms  of  a  geometrical  progres- 
sion, diminished  by  a  constant  number. 

3.  In  the  actual  investigation  of  Dulong  and  Petit, 
however,  the  formula  was  not  obtained  in  precisely  the 
manner  just  described.  For  the  quickness  of  cooling 
depends  upon  two  elements,  the  temperature  of  the  hot 
body  and  the  temperature  of  the  inclosure ;  not  merely 
upon  the  ea;cess  of  one  of  these  over  the  other.  And  it 
was  found  most  convenient,  first,  to  make  such  experi- 
ments as  should  exhibit  the  dependence  of  the  velocity 
of  cooling  upon  the  temperature  of  the  inclosure ;  which 

*  The  formula  is  t?  =  2,037  (^  — l)  where  e  is  the  velocity  of 
cooling,  t  the  temperature  of  the  thermometer  expressed  in  degrees, 
Imd  a  is  the  quantity  1,0077. 

The  degree  of  coincidenGe  is  as  follows : — 

Excess  of  temperature  of 
the  thermometer,  or 


values  of/. 

240 
220 
BOO 
180 
160 
140 
120 
100 
80 


Observed 

values 
of  V, 

10-69 
«-81 

r-40 

610 
4-89 
$-88 
d*02 
2-30 
1-74 


CalcaUted 

values 

of  «. 

10-68 

8-89 

7-34 

6-03 

4-87 

3-89 

3-05 

2-33 

1.72 
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dependtehce  is  Contained  in  the  following  lAwt — ^The 
quickness  of  cooling  of  a  theirmometeJ'  In  vacuo  for  a 
constant  excess  of  temperatut^,  in(3reases  iii  geometric 
progressi6h,  wheh  the  tem|)eratu]te  of  the  inclosur^  in- 
CreJlses  in  arithmetic  progression.  iFrom  this  law  the 
precediiig  one  follows  by  necessary  consequence*. 

This  example  may  serve  to  show  the  nature  of  the 
Artifices  which  may  b^  used  for  the  construction  of  for- 
muliGe,  when  we  have  a  constantly  progressive  series  of 
numbers  to  represent.  We  must  not  only  endeavour  by 
trial  to  (Contrive  a  formula  which  will  answer  the  (Con- 
ditions, but  we  mtist  vary  our  experiments  so  as  to 
determine,  first  one  Ittctor  or  portion  of  the  formula,  and 
then  the  other;  and  we  must  use  the  most  probable 
hypothesis  as  means  of  suggestion  for  our  formulae. 

4.  In  a  progressive  series  of  numbers,  except  the 
formula  which  we  adopt  be  really  that  which  expresses 
the  law  of  nature ;  the  deviations  of  the  formula  from 
the  facts  will  generally  become  enormous,  when  the 
experimehts  are  extended  into  new  parts  of  the  scale. 
True  formulfe  for  a  progressive  series  of  results  can  hardly 
ever  be  obtained  from  a  very  limited  range  of  experi- 
taients :  just,  as  tlie  attempt  to  gUess  the  general  course 
of  a  road  or  a  river,  by  knowitag  two  or  three  points  of  it 
in  the  Neighbourhood  of  oUe  another,  would  generally 
fell.  In  the  investigation  respecting  the  laws  of  the 
cooling  of  bodies  just  noticed,  one  great  advantage  of 

*  For  if  0  be  the  temp^ratnre  of  the  indomire,  and  t  the  excess  of 
temperature  of  the  hot  body,  it  appears,  by  this  law,  that  the  radiation 

of  heat  is  as  A  .     And  hence  the  quickness  of  cooling,  which  is  as  the 

excess  of  radiatioD,  is  as  a         ■=— «  ;  that  is,  as  ^    \fl  —  1  /  which 
agrees  with  the  formula  given  in  the  last  note. 

The  whole  of  this  series  of  researches  of  Dulonor  and  Petit  is  full  of 
the  most  bciiutifiil  and  instrnetiYe  artifice?  for  th6  constmction  of  the 
proper  fomiiiae  in  physical  reseaxdl^ 
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the  course  pursued  by  the  experimenters  was,  that  their 
experiments  included  so  great  a  range  of  temperature?. 
The  attempts  to  assign  the  law  of  elasticity  of  steam 
deduced  from  experiments  made  with  moderate  tempe- 
ratures, were  found  to  be  enormously  wrong,  when  veiy 
high  temperatures  were  made  the  subject  of  experiment 
It  is  easy  to  see  that  this  must  be  so :  an    arithmetical 
and  a  geometrical  series  may  nearly  coincide  for  a  few 
terms  moderately  near  each  other :  but  if  we  take  remote 
corresponding  terms  in  the  two  series,  one  of  these  wiH 
be  very  many  times  the  other.     And  hence,  from  a  narrow 
range  of  experiments,  we  may  infer  one  of  these  series  when 
we  ought  to  infer  the  other ;  and  thus  obtain  a  law  which 
is  widely  erroneous. 

5.  In  astronomy,  the  serieses  of  observations  which 
we  have  to  study  are,  for  the  most  part,  not  progressive, 
but  recurrent.  The  numbers  observed  do  not  go  on  con- 
stantly increasing ;  but  after  increasing  up  to  a  certain 
amount  they  diminish;  then,  after  a  certain  space,  increase 
again;  and  so  on,  changing  constantly  through  certain 
cycles.  In  cases  in  which  the  observed  numbers  are  of 
this  kind,  the  formula  which  expresses  them  must  be  a 
circular  function^  of  some  sort  or  other ;  involving,  for  in- 
stance, sines,  tangents,  and  other  forms  of  calculation, 
which  have  recurring  values  when  the  angle  on  which 
they  depend  goes  on  constantly  increasing.  The  main 
business  of  formal  astronomy  consists  in  resolving  the 
celestial  phenomena  into  a  series  of  terms  of  this  kind,  in 
detecting  their  argumetits^  and  in  determining  their  coeffi- 
dents. 

6.  In  constructing  the  formulae  by  which  laws  of 
nature  are  expressed,  although  the  first  object  is  to  assign 
the  law  of  the  phenomena,  philosophers  have,  in  almost 
all  cases,  not  proceeded  in  a  purely  empirical  manner  to 
connect  the  observed  numbers  by  some  expression  of 
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calculation,  but  have  been  guided,  in  the  selection  of  their 
formula,  by  some  hypothesis  respecting  the  mode  of  con- 
nexion of  the  facts.     Thus  the  formula  of  Dulong  and 
Petit  above  given  was  suggested  by  the  theory  of  ex- 
changes;   the  first   attempts   at   the   resolution   of  the 
heavenly  motions  into  circular  functions  were  clothed  in 
the  hypothesis  of  epicycles.     And  this  was  almost  inevi- 
table.    "We  must  confess,"  says  Copernicus*,  "  that  the 
celestial  motions  are  circular,  or  compounded  of  several 
circles,  since  their  inequalities  observe  a  fixed  law,  and 
recur  in  value  at  certain  intervals,  which  could  not  be 
except  they  were  circular :    for  a  circle  alone  can  make 
that  quantity  which  has  occurred  recur  again."     In  like 
manner  the  first  publication  of  the  law  of  the  sines,  the 
true  formula  of  optical  refraction,  was  accompanied   by 
Descartes  with  an  hypothesis,  in  which  an  explanation  of 
the  law  was  pretended.     In  such  cases,  tlie  mere  com- 
parison of  observations  may  long  fail  in  suggesting  the 
true  formulae.   The  fringes  of  shadows  and  other  diffracted 
colours  were  studied  in  vain  by  Newton,  Grimaldi,  Com- 
paretti,  the  elder  Herschel,  and  Mr.  Brougham,  so  long  as 
these  inquirers  attempted  merely  to  trace  the  laws  of  the 
facts   as   they   appeared  in   themselves;    while  Young; 
Fresnel,  Fraunhofer,  Schwerdt,  and  others,  determined 
these  laws  in  the  most  rigorous  manner,  when  they  applied 
to  the  observations  the  hypothesis  of  interferences. 

7.  But  with  all  the  aid  that  hypotheses  and  calcula- 
tion can  afford,  the  construction  of  true  formulae,  in  those 
cardinal  discoveries  by  which  the  progress  of  science  has 
mainly  been  caused,  has  been  a  matter  of  great  labour 
and  difficulty,  and  of  good  fortune  added  to  sagacity.  In 
the  History  of  Science,  we  have  seen  how  long  and  how 
hard  Kepler  laboured,  before  he  converted  the  formula 
for  the  planetary  motions,  from  an  epicyclical  combination, 

*  De  Rev,  1.  i.,  c.  4. 


543  M^HODS  EMPLOYED  IK  THE  FORMATION  OF  80ISN0B. 

to  a  a^mplQ  ellipse.  The  same  philosopher,  labouiiqg 
with  equal  zeal  and  perserverance  to  discoTer  the  farmaU 
of  optical  refraction,  which  now  appears  to  vs  sq  8iin{Je, 
was  utterly  foiled.  Malus  sought  in  vain  the  formub 
detennining  the  angle  at  which  a  transparent  surface  po- 
larizes light :  Sir  D.  Brewster'*^,  with  a  happy  sa^fi^city,  dis- 
covered the  formula  to  he  simply  this,  that  the  index  of 
refraction  is  the  tangent  of  the  angle  of  polarisation. 

Though  we  cannot  give  rules  which  will  be  of  mue]| 
service  when  we  have  thus  to  divine  the  general  fonn  of 
the  relation  by  which  phenomena  are  connected,  there  are 
certain  methods  by  which,  in  a  narrower  Qeld,  our  iuve»- 
tigations  may  be  materially  promoted ;— oertaiii  special 
methods  of  obtaining  laws  from  observations.  Of  these 
we  shall  now  proceed  to  treat. 


Chapter  VII. 

SPECIAL  METHODS  OP  INDUCTION  APPLICABLE 

TO  QUANTITY. 

In  eases  where  the  phenomena  admit  of  numerical 
measurement  and  expression,  certain  mathematical  me- 
thods may  be  employed  to  facilitate  and  give  accuracy  to 
the  determination  of  the  formula  by  which  the  observa- 
tions  are  connected  into  laws.     Among  the  most  usual 

and  important  of  these  Methods  are  the  following : 

I.  The  Method  of  Curves. 
II.  The  Method  of  Means. 

III.  The  Method  of  Least  Squares. 

IV.  The  Method  of  Residues. 
Sect.  I.  The  Method  <jf  Curves. 

1.  Tlie  Method  of  Curves  proceeds  upon  this  basis; 
that  when  one  quantity  undeigoes  a  series  of  changes 

♦  Hist.  Ind,  ScLy  iu  377. 
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depending  on  the  progress  of  another  quantity,  (as,  for 
instance,  the  Deviation  of  the  Moon  ftora  her  equable 
place  depends  upon  the  progress  of  Time,)  this  depend^- 
ence  may  be  expressed  by  means  of  a  ct4rve.  In  the 
language  of  mathematicians^  the  variable  quantity,  whose 
changes  we  would  consider,  is  mad^  the  ordifuU^  of  the 
curve,  and  the  quantity  on  which  the  changes  depend  is 
made  the  abschsa.  In  this  manner,  tho  curv^  will  exhibit 
in  its  form  a  series  of  undulations,  rising  and  falling  so  as 
to  correspond  with  the  alternate  increase  and  diminution 
of  the  quantity  represented,  at  intervals  of  space  which 
correspond  to  the  intervals  pf  time>  ov  other  quantity  by 
which  the  changes  ar^  regulated.  Thus,  to  take  another 
example,  if  we  set  up,  at  equal  intervals,  a  series  of  ordi<» 
nates  representing  the  height  of  all  the  successive  high 
waters  brought  by  the  tides  at  a  given  place,  for  a  year, 
the  curve  which  connects  the  summits  of  all  these  ordi» 
nates  will  exhibit  a  series  of  undulations,  ascending  and 
descending  once  in  about  each  fortnight ;  since,  in  that 
interval,  we  have,  in  succession,  the  high  spring  tides  and 
the  low  neap  tides.  The  curve  thus  drawn  offers  to  the 
eye  a  picture  of  the  order  and  magnitude  of  the  changes 
to  which  the  quantity  under  contemplation,  (the  height  of 
high  water,)  is  subject. 

2.  Now  the  peculiar  facility  and  efficacy  of  the  Me^ 
thod  of  Curves  depends  upon  this  circumstance  ;*—4;hat 
order  and  regularity  are  more  readily  and  clearly  recog- 
nized, when  thus  exhibited  to  the  eye  in  a  picture,  than 
they  are  when  presented  to  the  mind  in  any  other  manner. 
To  detect  the  relations  of  Number  considered  directly  as 
Number,  is  not  easy :  and  we  might  contemplate  for  a 
long  time  a  Table  of  recorded  Numbers  without  perceiv- 
ing the  order  of  their  increase  and  diminution,  even  if  the 
law  were  moderately  simple ;  as  any  one  may  satisfy  himr 
self  by  looking  at  a  Tide  Table.    But  if  these  Numbers 
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are  expressed  by  the  magnitude  of  Lines,  and  if  these  Lines 
are  arranged  in  regular  order,  the  eye  readily  discovers  the 
rule  of  their  changes :  it  follows  the  ciirve  which  runs 
along  their  extremities,  and  takes  note  of  the  order  in 
which  its  convexities  and  concavities  succeed  each  other, 
if  any  order  be  readily  discoverable.  The  separate  obser- 
vations are  in  this  manner  compared  and  generalized  and 
reduced  to  rule  by  the  eye  alone.  And  the  eye,  so  em- 
ployed, detects  relations  of  order  and  succession  with  a 
peculiar  celerity  and  evidence.  If,  for  example,  we  thus 
arrange  as  ordinates  the  prices  of  com  in  each  year  for  a 
series  of  years,  we  shall  see  the  order,  rapidity,  and 
amount  of  the  increase  and  decrease  of  price,  far  more 
clearly  than  in  any  other  manner.  And  if  there  were  any 
recurrence  of  increase  and  decrease  at  stated  intervals  of 
years,  we  should  in  this  manner  perceive  it.  The  eye, 
constantly  active  and  busy,  and  employed  in  making  into 
shapes  the  hints  and  traces  of  form  which  it  contemplates, 
runs  ailong  the  curve  thus  offered  to  it ;  and  as  it  travels 
backwards  and  forwards,  is  ever  on  the  watch  to  detect 
some  resemblance  or  contrast  between  one  part  and 
another.  And  these  resemblances  and  contrasts,  when 
discovered,  are  the  images  of  laws  of  phenomena  ;  which 
arc  made  manifest  at  once  by  this  artifice,  although  the 
mind  could  not  easily  catch  the  indications  of  their 
existence,  if  they  were  not  thus  reflected  to  her  in  the 
clear  mirror  of  space. 

Tims  when  we  have  a  series  of  good  observations,  and 
know  the  argument  upon  which  their  change  of  magni- 
tude depends,  the  Method  of  Curves  enables  us  to  ascer- 
tain, almost  at  a  glance,  the  law  of  the  change  ;  and  by 
further  attention,  may  be  made  to  give  us  a  formula  with 
great  accuracy.  Tlie  Method  enables  us  to  perceive 
among  our  observations  an  order  which  without  the 
method  is  concealed  in  obscurity  and  perplexity. 
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3.  But  the  Method  of  Curves  not  only  enables  us  to 
obtain  laws  of  nature  from  good  observations,  but  also,  in 
a  great  degree,  from  observations  which  are  very  imperfect. 
For  the  imperfection  of  observations  may  in  part  be  cor- 
rected by  this   consideration ; — ^that   though   they  may 
appear  irregular,  the  correct  fiicts  which  they  imperfectly 
represent,  are  really  regular.     And  the  Method  of  Curves 
enables  us  to  remedy  this  apparent  irregularity,  at  least 
in  part.     For  when  observations  thus  imperfect  are  laid 
down  as  ordinates,  and  their  extremities  connected  by  a 
line,  we  obtain,  not  a  smooth  and  flowing  curve,  such  as  we 
should  have  if  the  observations  contained  only  the  rigo- 
rous results  of  regular  laws ;  but  a  broken  and  irregular 
line,  full  of  sudden  and  capricious  twistings,  and  bearing 
on  its  face  marks  of  irregularities  dependent,  not  upon 
law,  but  upon  chance.     Yet  these  irregular  and  abrupt 
deviations  in  the  curve  are,  in  most  cases,  but  small  in 
extent,  when  compared  with  those  bondings  which  denote 
the  effects  of  regular  law.     And  this  circumstance  is  one 
of  the  great  grounds  of  advantage   in   the  Method   of 
Curves.      For  when  the   observations  thus  laid   down 
present  to  the  eye  such  a  broken  and  irregular  line,  we 
can  still  see,  often  with  great  ease  and  certainty,  what 
twistings  of  the  line  are  probably  due  to  the  irregular 
errors  of  observation ;  and  can  at  once  reject  these,  by 
drawing  a  more  regular  curve,  cutting  off  all  such  small 
and  irregular  sinuosities,  leaving  some  to  the  right  and 
some  to  the  left ;  and  then  proceeding  as  if  this  regular 
curve,  and  not  the  irregular  one,  expressed  the  observa- 
tions.    In  this  manner,  we  suppose  the  erroi-s  of  obser- 
vation to  balance  each  other:    some  of  our  corrected 
measures  being  too  great  and  others  too  small,  but  with 
no  great  preponderance  either  way.     We  draw  our  main 
regular  curve,  not  through  the  points  given  by  our  obser- 
vations, but  among  them :  drawing  it,  as  has  been  said  by 

VOL.  II.  2  N 
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one  of  the  i)hilo8opIier8*  who  first  systematically  used 
this  method,  ^'  with  a  bold  but  careful  hand/'  The  regular 
curve  which  we  thus  obtain,  thus  freed  irom  the  casual 
errors  of  observation,  is  that  in  which  we  endeavour  to 
discover  the  laws  of  change  and  succession. 

4.  By  this  method,  thus  getting  rid  at  once,  iu  a 
great  measure,  of  errors  of  observation^  we  obtain  data 
which  are  more  true  than  the  individual  Jacts  themsekes. 
The  philosopher's  business  is  to  compare  his  hypotheses 
with  facts,  as  we  have  often  said.  But  if  we  make  the 
comparison  with  separate  special  facts,  we  are  liable  to  be 
perplexed  or  misled,  to  an  unknown  amount^  by  the 
errors  of  observation ;  which  may  cause  the  hypothetical 
and  the  observed  result  to  agree,  or  to  disagree^  when 
otherwise  they  would  not  do  so.  If,  however,  we  thus 
take  the  whole  mass  of  the  facts^  and  remove  the  errors  oi 
actual  observation f,  by  making  the  curve  which  expresses 
the  supposed  observation  regular  and  smooth,  w*e  have 
the  separate  facts  corrected  by  their  general  tendency. 
We  are  put  in  possession,  as  we  have  said,  of  something 
more  true  than  any  fact  by  itself  is. 

One  of  the  most  admirable  examples  of  the  use  of 
this  Method  of  Curves  is  found  in  Sir  John  HerscheFs 
Investigation  of  the  orbits  of  double  starsX.  The  author 
there  shows  how  f5ar  inferior  the  direct  observations  of  the 
angle  of  position  are,  to  the  observations  corrected  by  a 
curve  in  the  manner  above  stated.  "This  curve  once 
drawn,''  he  says,  "  must  represent,  it  is  evident,  the  law 
of  variation  of  the  angle  of  position,  with  the  time»  not 
only  for  instants  intermediate  between  the  dates  of  obse^ 
vations,  but  even  at  the  moments  of  observation  them- 
selves, much  better  than  the  individual  raw  observations 
can  possibly  (on  an  average)  do.     It  is  only  requisite  to 

*  Sir  J.  Herscbkl,  Ah,  Soc.  Trans,  t.  v.  p.  I . 
t  Ib»,  t.  V.  p.  4.  t  ^ 
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try  a  case  or  two,  to  be  satisfied  that  by  substituting  the 
curve  for  the  i)oints,  we  have  made  a  nearer  approach  to 
nature^  and  in  a  great  measure  eliminated  errors  of  obser- 
vation." "  In  following  the  graphical  process,"  he  adds, 
^^we  have  a  conviction  almost  approaching  to  moral 
certainty  that  we  cannot  be  greatly  misled."  Again, 
having  thus  corrected  the  raw  observations,  he  makes 
another  use  of  the  graphical  method,  by  trying  whether 
an  ellipse  can  be  drawn  ^'  if  not  through^  At  least  among 
the  points,  so  as  to  approach  tolerably  near  them  all ;  and 
thus  approaching  to  the  orbit  which  is  the  subject  of 
investigation." 

5.  The  obstades  which  principally  impede  the  appli- 
cation of  the  method  of  curves  are  (I.)  our  ignorance  of 
the  argument  of  the  changes,  and  (II.)  the  complication  of 
several  laws  with  one  another. 

(I.)  If  we  do  not  know  on  what  quantity  those  changes 
depend  which  we  are  studying,  we  may  fail  entirely  in 
detecting  the  law  of  the  changes,  although  we  throw  the 
observations  into  curves.  For  the  true  argument  of  the 
change  should,  in  fact,  be  made  the  abscissa  of  the  curve. 
If  we  were  to  express,  by  a  series  of  ordinates,  the  hour 
of  high  water  on  successive  days,  we  should  not  obtain, 
or  should  obtain  very  imperfectly,  the  law  which  these 
times  follow  ;  for  the  real  argument  of  this  change  is  not 
the  solar  hour,  but  the  hour  at  which  the  moon  passes  the 
meridian.  But  if  we  are  supposed  to  be  aware  that  this 
is  the  argument,  (which  theory  suggests  and  trial  instantly 
confirms)  we  then  do  immediately  obtain  the  primary 
rules  of  the  time  of  high  water,  by  throwing  a  series  of 
observations  into  a  curve,  with  the  hour  of  the  moon's 
transit  for  the  abscissa. 

In  like  manner,  when  we  have  obtained  the  first  great 
or  semi-menstrual  inequality  of  the  tides,  if  we  endeavour 
to  discover  the  laws  of  other  inequalities  by  means  of 
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curves,  we  must  take  from*  theory  the  suggestion  that  the 
Arguments   of  such   inequalities  will    probably  be  the 
paraUojf  and  the  dedination  of  the  moon.     This  suggestion 
again  is  confirmed  by  trial ;   but  if  we  were  supposed  to 
be  entirely  ignorant  of  the  dependence  of  the  changes  of 
the  tide  on  the  distance  and  declination  of  the  moon,  the 
curves  would  exhibit  unintelligible  and  seemingly  capri- 
cious changes.     For  by  the  effect  of  the  inequality  arising 
from  the  parallax,  the  convexities  of  the  curves  which 
belong  to  the  spring  tides,  are  in  some  years  made  alter- 
nately greater  and  less  all  the  year  through ;    while  in 
other  years  they  are  made  all  nearly  equal.     This  differ- 
ence does  not  betray  its  origin,  till  we  refer  it  to  the 
parallax;    and  the  same  difficulty  in  proceeding  would 
arise  if  we  were  ignorant  that  the  moon's  declination  is 
one  of  the  arguments  of  tidal  changes. 

In  like  manner,  if  we  try  to  reduce  to  law  any  meteoro- 
logical changes,  those  of  the  height  of  the  barometer  for 
instance,  w^e  find  that  we  can  make  little  progress  in  the 
investigation,   precisely  because   we  do   not   know  the 
Argument  on  which  these  changes  depend.       That  there 
is  a  certain  regular  diurfial  change  of  small  amount  we 
know ;  but  when  we  have  abstracted  this  inequality,  (of 
which  the  Argument  is  the  time  of  day^   we  find  fer 
greater  changes  left  behind,  from  day  to  day  and  from 
hour  to  hour ;   and  we  express  these  in  curves,  but  we 
cannot  reduce  them  to  rule,  because  we  cannot  discover 
on  what  numerical  quantity  they  depend-     The  assiduous 
study  of  barometrical  observations,  thrown  into  curves, 
may  perhaps  hereafter  point  out  to  us  what  are  the  rela- 
tions of  time  and  space  by  which  these  variations  are 
determined;  but  in  the  mean  time,  this  subject  exem- 
plifies to  us  our  remark,  that  the  method  of  curves  is  of 
comparatively  small  use,  so  long  as  we  are  in  ignorance 
of  the  real  Arguments  of  the  Inequalities. 


I 

! 
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6.  (II.)  In  the  next  place^I  remark  that  a  difficulty 
is  thrown  in  the  way  of  the  method  of  curves  by  the  com- 
bination of  several  laws  one  with  another.  It  will  readily 
be  seen  that  such  a  cause  will  produce  a  complexity  in 
the  curves  which  exhibit  the  succession  of  facts.  If,  for 
example,  we  take  the  case  of  the  tides,  the  height  of  high 
water  increases  and  diminishes  with  the  approach  of  the 
sun  to,  and  its  recess  from,  the  syzygies  of  the  moon. 
Again,  this  height  increases  and  diminishes  as  the  moon's 
parallax  increases  and  diminishes ;  and  again,  the  height 
diminishes  when  the  declination  increases,  and  vice  versa ; 
and  all  these  Arguments  of  change,  the  distance  from 
syzygy,  the  parallax,  the  declination,  complete  their 
circuit  and  return  into  themselves  in  different  periods. 
Hence  the  curve  which  represents  the  height  of  high 
water  has  not  any  periodical  interval  in  which  it  com- 
pletes its  changes  and  commences  a  new  cycle.  The 
sinuosity  which  would  arise  from  each  inequality  sepa- 
rately considered,  interferes  with,  disguises,  and  conceals 
the  others ;  and  when  we  first  cast  our  eyes  on  the  curve 
of  observation,  it  is  very  far  from  offering  any  obvious 
regularity  in  its  form.  And  it  is  to  be  observed  that  wo 
have  not  yet  enumerated  all  the  elements  of  this  com- 
plexity :  for  there  are  changes  of  the  tide  depending  upon 
the  parallax  and  declination  of  the  sun  as  well  as  of  the 
moon.  Again ;  besides  these  changes,  of  which  the  argu- 
ments are  obvious,  there  are  others,  as  those  depending 
upon  the  barometer  and  the  wind,  which  follow  no  known 
regular  law,  and  which  constantly  affect  and  disturb  the 
results  produced  by  other  laws. 

In  the  tides,  and  in  like  manner  in  the  motions  of  the 
moon,  we  have  very  eminent  examples  of  the  way  in 
which  the  discovery  of  laws  may  be  rendered  difficult  by 
the  number  of  them  which  operate  to  affect  the  same 
quantity.    In  such  cases,  the  inequalities  are  generally 
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picked  out  in  succession,*  nearly  in  the  order  of  their 
magnitudes.  In  tliis  way  there  were  successiyely  col- 
tected,  from  the  study  of  the  moon's  motions  by  a  series 
of  astronomers,  tliose  Inequalities  which  we  term  the 
Equation  of  the  Centre^  the  Evection^  the  Variatioru  and 
the  Annual  Equatiofu  These  Inequalities  were  not,  in 
fact,  obtained  by  the  application  of  the  Method  of  Curves; 
but  tlie  Method  of  Curves  might  have  been  applied  to 
such  a  case  with  great  advantage.  The  Method  has  been 
applied  with  great  industry  and  with  remarkable  success 
to  the  investigation  of  the  laws  of  the  tides ;  and  by  the 
use  of  it,  a  series  of  Inequalities  both  of  the  Times  and 
of  the  Heights  of  high  water  has  been  detected,  which 
explain  all  tho  main  features  of  the  observed  facts. 

Sect.  II.  The  Method  of  Means. 

7.  The  Method  of  Curves,  as  we  have  endeavoured 
to  explain  above,  frees  us  from  the  casoal  and  extraneous 
irregularities  which  arise  from  the  imperfection  of  obser- 
vation ;  and  thus  lays  bare  the  results  of  the  laws  which 
really  oi>erate,  and  enables  us  to  proceed  in  search  of 
those  laws.  But  the  Method  of  Curves  is  not  the  onlv  one 
which  effects  such  a  purpose.  The  errors  arising  from 
detached  observations  may  be  got  rid  of,  and  the  addi- 
tional accuracy  which  multiplied  observations  give  may 
be  obtained,  by  operations  upon  the  observed  numbers 
without  expressing  them  by  spaces.  The  process  of 
curves  assumes  that  the  errors  of  observation  balance 
each  other ; — that  the  accidental  excesses  and  defects  are 
nearly  equal  in  amount ; — ^that  the  true  quantities  which 
would  have  been  observed  if  all  accidental  causes  of 
irregularity  were  removed,  are  obtained,  exactly  or  nearly, 
by  selecting  quantities,  upon  the  whole,  equally  distant 
from  the  extremes  of  great  and  small  which  our  imperfect 
observations  oflfbr  to  us.  But  when,  among  a  number  of 
iinequftl  quantitioH,  wo  take  a  quantity  equally  distant  fitim 
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the  greater  and  the  smaller,  tj^iis  quantity  is  termed  the 
Mean  of  the  unequal  quantities.  Hence  the  correction  of 
our  observations  by  the  method  of  curves  consists  in  taking 
the  Mean  of  the  observations. 

8.  Now  without  employing  curves,  we  may  proceed 
arithmetically  to  take  the  Mean  of  all  the  observed 
numbers  of  each  class.  Thus,  if  we  wished  to  know  the 
height  of  the  spring  tide  at  a  given  place,  and  if  we  found 
that  four  different  spring  tides  were  measured  as  being  of 
the  height  of  ten,  thirteen,  eleven,  and  fourteen  feet,  we 
should  conclude  that  the  true  height  of  the  tide  was 
the  Mean  of  these  numbers, — namely,  twelve  feet ;  and 
we  should  sui)pose  that  the  deviation  from  this  height, 
in  the  individual  cases,  arose  from  the  accidents  of 
weather,  the  imperfections  of  observation,  or  the  oper- 
ation of  other  laws,  besides  the  alternation  of  spring  and 
neap  tides. 

This  process  of  finding  the  Mean  of  an  assemblage  of 
observed  numbers  is  much  practised  in  discovering,  and 
still  more  in  confirming  and  correcting,  laws  of  pheno- 
mena.    We  shall  notice  a  few  of  its  peculiarities. 

9.  It  requires  a  knowledge  of  the  Argument  of  the 
changes  which  we  would  study;  for  the  numbers  must 
be  arranged  in  certain  Classes,  before  we  find  the  Mean  of 
each  Class ;  and  the  principle  on  which  this  arrangement 
depends  is  the  Argument.  This  knowledge  of  the  Argu- 
ment is  more  indispensably  necessary  in  the  Method  of 
Means  than  the  Method  of  Curves ;  for  when  curves  are 
drawn,  the  eye  often  spontaneously  detects  the  law  of  re- 
currence in  their  sinuosities;  but  when  we  have  collections 
of  numbers,  we  must  divide  them  into  classes  by  a  selection 
of  our  own.  Thus,  in  order  to  discover  the  law  which  the 
heights  of  the  tide  follow,  in  the  progress  from  spring  to 
neap,  we  arrange  the  observed  tides  according  to  the 
day  of  the  moan's  age ;  and  we  then  take  the  mean  of  all 
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those  which  thus  happen  at  the  same  period  of  the  moon's 
revolution.  In  this  manner  we  obtain  the  law  which  we 
seek ;  and  the  process  is  very  nearly  the  same  in  all  other 
applications  of  this  Method  of  Means.  In  all  cases,  we 
begin  by  assuming  the  Classes  of  measures  which  we 
wish  to  compare,  the  Law  which  we  could  confirm  or 
correct,  the  Formula  of  which  we  would  determine  the 
coefficients. 

10.  The  Argument  being  thus  assumed,  the  Method 
of  Means  is  very  efficacious  in  ridding  our  inquiry  of 
errors  and  irregularities  which  would  impede  and  perplex 
it.  Irregularities  which  are  altogether  accidental,  or  at 
least  accidental  with  reference  to  some  law  which  we 
have  under  consideration,  compensate  each  other  in  a 
very  remarkable  way,  when  we  take  the  means  of  many 
observations.  If  we  have  before  us  a  collection  of  ob- 
served tides,  some  of  them  may  be  elevated,  some 
depressed  by  the  wind,  some  noted  too  high  and  some 
too  low  by  the  observer,  some  augmented  and  some  dimi- 
nished by  uncontemplated  changes  in  the  moon's  distance 
or  motion:  but  in  the  course  of  a  year  or  two  at  the 
longest,  all  these  causes  of  irregularity  balance  each 
other ;  and  the  law  of  succession,  which  runs  through  the 
observations,  comes  out  as  precisely  as  if  those  disturbing 
influences  did  not  exist.  In  any  particular  case,  there 
appears  to  be  no  possible  reason  why  the  deviation  should 
be  in  one  way,  or  of  one  moderate  amount,  rather  than 
another.  But  taking  the  mass  of  observations  together, 
the  deviations  in  opposite  ways  will  be  of  equal  amount, 
with  a  degree  of  exactness  very  striking.  This  is  found 
to  be  the  case  in  all  inquiries  where  we  have  to  deal  with 
observed  numbers  upon  a  large  scale.  In  the  progress  of 
the  population  of  a  country,  for  instance,  what  can  appear 
more  inconstant,  in  detail,  than  the  causes  which  produce 
births  and  deaths  ?  yet  in  each  country,  and  even  in  each 
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province  of  a  country,  the  proportions  of  the  whole  num- 
bers of  births  and  deaths  remain  nearly  constant.  What 
can  be  more  seemingly  beyond  the  reach  of  rule  than  the 
occasions  which  produce  letters  that  cannot  find  their 
destination  ?  yet  it  appears  that  the  number  of  "  dead 
letters "  is  nearly  the  same  from  year  to  year.  And 
the  same  is  the  result  when  the  deviations  arise,  not 
from  mere  accident,  but  from  laws  perfectly  regular, 
though  not  contemplated  in  our  investigation*.  Thus 
the  effects  of  the  Moon's  Pai*allax  upon  the  Tides,  some- 
times operating  one  way  and  sometimes  another,  accord- 
ing to  certain  rules,  are  quite  eliminated  by  taking  the 
Means  of  a  long  series  of  observations ;  the  excesses  and 
defects  neutralizing  each  other  so  far  as  concerns  the 
effect  upon  any  law  of  the  tides  which  we  would  investi- 
gate. 

11.  In  order  to  obtain  very  great  accuracy,  very  large 
masses  of  observations  are  often  employed  by  philoso- 
phers, and  the  accuracy  of  the  result  increases  with  the 
multitude  of  observations.  The  immense  collections  of 
astronomical  observations  which  have  in  this  manner 
been  employed  in  order  to  form  and  correct  the  tables  of 
the  celestial  motions  are  perhaps  the  most  signal  instances 
of  the  attempts  to  obtain  accuracy  by  this  accumulation 
of  observations.  Delambre's  Tables  of  the  Sun  are 
founded  upon  nearly  3000  observations;  Burg's  Tables 
of  the  Moon  upoir  above  4000. 

But  there  are  other  instances  hardly  less  remarkable. 
Mr.  Lubbock's  first  investigations  of  the  laws  of  the  tides 
of  London  f,  included  above  13,000  observations,  extend- 
ing through  nineteen  yeai-s ;  it  being  considered  that  this 
large   number  was  necessary  to  remove  the  effects  of 

*  Provided  the  argument  of  the  law  which  we  neglect  have  no 
coincidence  with  the  argument  of  the  law  which  we  would  determine, 
t  PhU.  Tr.  1831. 
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accidental  causes*.  And  the  attempts  to  discover  the 
laws  of  change  in  the  barometer  have  led  to  the  perform- 
ance of  labours  of  equal  amount :  Laplace  and  Bouvard 
examined  this  question  by  means  of  observations  made 
at  the  Observatory  of  Paris,  four  times  every  day  for 
eight  years. 

12.  We  may  remark  one  striicing   evidence  of  the 
accuracy  thus  obtained  by  employing  large  masses  of  ob8e^ 
rations.     In  this  way  we  may  often  detect  inequalities 
)nuch  smaller  than  the  errors  by  which  they  are  encumbered 
and  concealed.    Thus  the  diurnal  oscillations  of  the  baro- 
meter were  discovered  by  the  comparison  of  observations 
of  many  days,  classified  according  to  the   hours  of  the 
day;   and  the  result  was  a  clear  and  incontestable  proof 
of  the  existence  of  such  oscillations,  although  the  dif- 
ferences  which  these   oscillations   produce    at    different 
hours  of  the  day  are  far  smaller  than  the  casual  changes, 
hitherto  reduced  to  no  law,  which  go  on  from  hour  to 
hour  and  from  day  to  day.     The  effect  of  law,  operating 
incessantly  and  steadily,  makes  itself  more  and  more  felt 
as  we  give  it  a  longer  range;  while  the  effect  of  acci- 
dent, followed  out  in  the  same  manner,  is  to  annihilate 
itself,  and  to  disappear  altogether  from  the  result. 

Sect.  III.  The  Method  of  Least  Squares. 

13.  The  Method  of  Least  Squares  is  in  fact  a  method 
of  means,  but  with  some  peculiar  characters.  Its  object 
is  to  determine  the  best  Mean  of  a  number  of  observed 
quantities;  or  the  most  probable  Law  derived  from  a  number 

*  This  period  of  nineteen  years  was  also  selected  for  a  reason  which 
is  alluded  to  in  a  former  note.  (p.  .553.)  It  was  thought  that  this 
period  secured  the  inquirer  from  the  errors  which  might  be  produced 
by  the  parti<al  coincidence  of  the  arguments  of  different  irregularities ; 
for  example,  those  due  to  the  moon's  parallax  and  to  the  moon's  decli- 
nation. It  has  since  been  found  (Phil.  Tr,  1838.  On  the  Determintt- 
Hon  of  the  Laws  of  the  Titles  from  Short  Series  of  Observation^^')  that  with 
regard  to  parallax  at  least,  the  Means  of  one  year  give  sufficient  accuracy. 
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of  observations,  of  which  some,  or  all,  are  allowed  to  be 
more  or  less  imperfect.  And  the  method  proceeds  upon 
this  supposition ; — that  all  errors  are  not  equally  probable, 
but  that  small  errors  are  more  probable  than  large  ones. 
By  reasoning  mathematically  upon  this  ground,  we  find 
that  the  best  result  is  obtained  (since  we  cannot  obtain  a 
result  in  which  the  errors  vanish)  by  making,  not  the 
Err(yi's  themselves,  but  the  Sum  of  their  Squares  of  the 
smallest  possible  amount. 

14.  An  example  may  illustrate  this.  Let  a  quantity 
^vhich  is  known  to  increase  uniformly,  (as  the  distance  of 
a  star  from  the  meridian  at  successive  instants,)  be  mea- 
sured at  equal  intervals  of  time,  and  be  found  to  be  suc- 
cessively 4,  12,  14.  It  is  plain,  upon  the  face  of  these 
observations  that  they  are  erroneous ;  for  they  ought  to 
form  an  arithmetical  progression,  but  they  deviate  widely 
from  such  a  progression.  But  the  question  then  occurs, 
what  arithmetical  progression  do  they  most  probably  repre- 
sent :  for  we  may  assume  several  arithmetical  progressions 
which  more  or  less  approach  the  observed  series ;  as  for 
instance,  these  three;  4,  9,  14;  6,  10,  14;  5,  10,  15. 
Now  in  order  to  see  the  claims  of  each  of  these  to  the 
truth,  we  may  tabulate  them  thus. 

Observation 

iTii^iNi  Sums  of        Sums  of  squares 

^"^"-  errors,  of  errors. 

i . .     U,    O,    vf      •»•      o        •••  U 

•  •      i. ,     ^,     L       •••       fc         ••■  O 

Here,  although  the  first  series  gives  the  sum  of  the  errors 
less  than  the  others,  the  third  series  gives  the  sum  of  the 
squares  of  the  errors  least ;  and  is  therefore,  by  the  pro- 
position on  which  this  Method  depends,  the  most  probable 
series  of  the  three. 

This  Method,  in  more  extensive  |tn4  complex  cases,  is  a 


4,  12,  14 

Series  (1) 

4,    9,  14 

.'    »      (2) 

6,  10,  14 

»      (3) 

5,  10,  15 
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great  aid  to  the  calculator  in  his  inferences  from  facts,  ai^ 
removes  much  that  is  arbitrary  in  the  Method  of  Means, 
Sect.  IV.  The  Method  of  Residues. 

15.  By  either  of  the  preceding  Methods  we  obtain, 
from  observed  facts,  such  laws  as  readily  offer  themselves; 
and  by  the  laws  thus  discovered,  the  most  prominent 
changes  of  the  observed  quantities  are  accounted  for. 
But  in  many  cases  we  have,  as  we  have  noticed  already, 
several  laws  of  nature  operating  at  the  same  time,  and 
combining  their  influences  to  modify  those  quantities 
which  are  the  subjects  of  observation.  In  these  cases  we 
ina.y,  by  successive  applications  of  the  Methods  already 
pointed  out,  detect  such  laws  one  after  another:  but  this 
successive  process,  though  only  a  repetition  of  what  we 
have  already  described,  offers  some  peculiar  features  which 
make  it  convenient  to  consider  it  in  a  separate  Section, 
as  the  Method  of  Residues. 

16.  When  we  have,  in  a  series  of  changes  of  a  variable 
quantity,  discovered  one  Law  which  the  changes  follow, 
detected  its  argument,  and  determined  its  magnitude  so 
as  to  explain  most  clearly  the  course  of  observed  facts, 
we  may  still  find  that  the  observed  changes  are  not  fully 
accounted  for.  When  we  compare  the  results  of  our 
Law  with  the  observations,  there  may  be  a  diflTerence,  or 
as  we  may  term  it,  a  Residue^  still  unexplained.  But 
this  Residue  being  thus  detached  from  the  rest,  may  be 
examined  and  scrutinized  in  the  same  manner  as  the 
whole  observed  quantity  was  treated  at  first :  and  we  may 
in  this  way  detect  in  it  also  a  Law  of  change.  If  we  can 
do  this,  we  must  accommodate  this  new  found  Law  as 
nearly  as  possible  to  the  Residue  to  which  it  belongs ;  and 
this  being  done,  the  difference  of  our  Rule  and  of  the 
Residue  itself,  forms  a  Second  Residue.  This  Second  Re- 
sidue we  may  again  bring  under  our  consideration ;  and 
may  perhaps  in  it  also  discover  some  Law  of  change  by 
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which  its  alterations  may  be  in  some  measure  accounted 
for.  If  this  can  be  done,  so  as  to  account  for  a  large 
portion  of  this  Residue,  the  remaining  unexplained  part 
forms  a  Third  Residue ;  and  so  on. 

17.  This  course  has  really  been  followed  in  various 
inquiries,  especially  in  those  of  Astronomy  and  Tidology. 
The  Equation  of  the  Centre^  for  the  moon,  was  obtained 
Out  of  the  jResidue  of  the  Longitude,   which  remained 
when  the  Mean  Anomaly  was  taken  away.     This  Equa- 
tion being  applied  and  disposed  of,  the  Second  JResidue 
thus  obtained,  gave  to  Ptolemy  the  Evection.     The  Third 
Residue^  left  by  the  Equation  of  the  Centre  and  the  Evec- 
tion, supplied  to  Tycho  the  Variation  and  the  Annuul 
Equation.      And    the   Residue,  remaining   from    these, 
has  been  exhausted  by  other  equations,  of  various  argu- 
ments, suggested    by   theory   or    by   observation.       In 
this    case,    the   successive    generations    of    astronomers 
have  gone  on,  each  in  its  turn  executing  some  step  in 
this  Method  of  Residues.     In  the  examination  of  the 
Tides,  on  the  other  hand,  this  method  has  been  applied 
systematically  and   at   once.      The    observations  readily 
gave  the  Semimenstrtud  Inequality  \  the  Residue  of  this 
supplied  the  corrections  due  to  the  Moon's  ParaUaw  and 
Declination ;   and  when  these  were  determined,  the  re^ 
maining  Residue  was  explored  for  the  law  of  the  Solar 
Correction. 

18.  In  a  certain  degree,  the  Method  of  Residues  and 
the  Method  of  Means  are  opposite  to  each  other.  For 
the  Method  of  Residues  extricates  Laws  from  their  com- 
bination, bringing  them  into  view  in  succession ;  while  the 
Method  of  Means  discovers  each  Law,  not  by  bringing 
the  others  into  view,  but  by  destroying  their  effect  through 
an  accumulation  of  observations.  By  the  Method  of  Re- 
sidues we  should  first  extract  the  Law  of  the  Parallax 
Correction  of  the  Tides,  and  then^  from  the  Residue  left 
by  this,  obtain  the  Declination  Correction.     But  we 
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might  at  once  employ  the  Method  of  Means,  and  put 
together  all  the  cases  in  ^hich  the  Declination  iras  the 
same ;  not  allowing  for  the  Parallax  in  each  case,  but 
taking  for  granted  that  the  Parallaxes  belonging  to  the 
same  Declination  would  neutralize  each  other ;  as  many 
falling  above  as  below  the  mean  parallax.  In  cases  like 
this,  where  the  Method  of  Means  is  not  impeded  by  a 
partial  coincidence  of  the  Arguments  of  different  unknown 
Inequalities,  it  may  be  employed  with  almost  as  much 
success  as  the  Method  of  Residues.  But  still,  when  the 
Arguments  of  the  Laws  are  clearly  known,  as  in  this 
instance,  the  Method  of  Residues  is  more  clear  and  direct, 
and  is  the  rather  to  be  recommended. 

19.  If  for  example,  we  wish  to  learn  whether  the 
Height  of  the  Barometer  exerts  any  sensible  influence  on 
the  Height  of  the  Sea's  Surface,  it  would  appear  that  the 
most  satisfactory  mode  of  proceeding,  must  be  to  subtract, 
in  the  first  place,  what  we  know  to  be  the  effects  of  the 
Moon's  Age,  Parallax  and  Declination,  and  other  ascer- 
tained causes  of  change ;  and  to  search  in  the  uneayplained 
Residue  for  the  effects  of  barometrical  pressure.  The  con- 
trary course  has,  however,  been  adopted,  and  the  effect  of 
the  barometer  on  the  ocean  has  been  investigated  by  tiie 
direct  application  of  the  Method  of  Means,  classing  the 
observed  heights  of  the  water  according  to  the  corres- 
ponding heights  of  the  barometer  without  any  previous 
reduction.  In  this  manner,  the  suspicion  that  the  tide  of 
the  sea  is  effected  by  the  pressure  of  the  atmosphere,  has 
been  confirmed.  Tliis  investigation  must  be  looked  upon 
as  a  remarkable  instance  of  the  efficacy  of  the  Method 
of  Means,  since  the  amount  of  the  barometrical  effect  is 
much  smaller  than  the  other  changes  from  among  which 
it  was  by  this  process  extricated.  But  an  application  of 
the  Method  of  Residues  would  still  be  desirable  on  a 
subject  of  such  extent  and  difficulty. 

20.  Sir  John  Herschel,  in  his  DUcaurse  an  the  Study 
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of  Natural  Philosophy  (Articles  158 — 161),  has  pointed 
out  the  mode  of  making  discoveries  by  studying  Residual 
Phenomena;  and  has  given  several  illustrations  of  the 
process.  In  some  of  tliese,  he  has  also  considered  this 
method  in  a  wider  sense  than  we  have  done  ;  treating  it 
as  not  applicable  to  quantity  only,  but  to  properties  and 
relations  of  different  kinds. 

We  likewise  shall  proceed  to  offer  a  few  remarks  on 
Methods  of  Induction  applicable  to  other  relations  than 
those  of  quantity. 


Chapter  VIII. 

METHODS  OP  INDUCTION  DEPENDING  ON 

RESEMBLANCE. 

Sect.  I.  The  Law  of  Continuity. 

1.  The  Law  of  Continuity  is  applicable  to  quantity 
primarily,  and  therefore  might  be  associated  with  the 
methods  treated  of  in  the  last  chapter :  but  inasmuch  as 
its  inferences  are  made  by  a  transition  from  one  degree  to 
Another  among  contiguous  cases,  it  will  be  found  to 
belong  more  properly  to  the  Methods  of  Induction  of 
which  we  have  now  to  speak. 

The  Law  of  Continuity  consists  in  this  proposition,-— 
That  a  quantity  cannot  pass  from  one  amount  to  another 
by  any  change  of  conditions,  without  passing  through  all 
intermediate  degrees  of  magnitude  according  to  the  inter- 
mediate conditions.  And  this  law  may  often  be  employed 
to  correct  inaccurate  inductions,  and  to  reject  distinctions 
which  have  no  real  foundation  in  nature.  For  example, 
the  Aristotelians  made  a  distinction  between  motions 
according  to  nature,  as  that  of  a  body  falling  vertically 
downwards,  and  motions  contrary  to  nature,  as  that  of  a 
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body  moving  along  a  horizontal  plane :  the  former,  they 
held,  became  naturally  quicker  and  quicker,  the  latter 
naturally  slower  and  slower.  But  to  this  it  might  be 
replied,  that  a  horizontal  line  may  pass,  by  gradual  motion, 
through  various  inclined  positions,  to  a  vertical  position : 
and  thus  the  retarded  motion  may  pass  into  the  accele- 
rated ;  and  hence  there  must  be  some  inclined  plane  on 
which  the  motion  downwards  is  naturally  uniform :  which 
is  false,  and  therefore  the  distinction  of  such  kinds  of 
motion  is  unfounded.  Again,  the  proof  of  the  First  Law 
of  Motion  depends  upon  the  Law  of  Continuity :  for  since, 
by  diminishing  the  resistance  to  a  body  moving  on  a 
horizontal  plane,  we  diminish  the  retardation,  and  this 
without  limit,  the  law  of  continuity  will  bring  us  at  the 
same  time  to  the  case  of  no  resistance  and  to  the  case  of 
no  retardation. 

2.  The  Law  of  Continuity  is  asserted  by  Galileo  in  a 
particular  application ;  and  the  assertion  which  it  suggests 
is  by  him  referred  to  Plato; — namely*,  that  a  moveable 
body  cannot  pass  from  rest  to  a  determinate  degree  of 
velocity  without  passing  through  all  smaller  degrees  of 
velocity.  This  law,  however,  was  first  asserted  in  a  more 
general  and  abstract  form  by  Leibnitz  f:  and  was  era- 
ployed  by  him  to  show  that  the  laws  of  motion  propounded 
by  Descartes  must  be  false.  The  Third  Cartesian  Law 
of  Motion  was  thisf :  that  when  one  moving  body  meets 
another,  if  the  first  body  have  a  less  momentum  than  the 
second,  it  will  be  reflected  with  its  whole  motion :  but  if 
the  first  have  a  greater  momentum  than  the  second,  it 
will  lose  a  part  of  its  motion,  which  it  will  transfer  to 
the  second.  Now  each  of  these  cases  leads,  by  the  Law 
of  Continuity,  to  the  case  in  which  the  two  bodies  have 
equal  momentums :    but  in  this  case,  by  the  first  part  of 

♦  Dialog,  iii.  150.  iv.  32  f  Opera,  i.  366. 

X  Cartes.  Prtw.,  p.  35. 
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the  law  the  body  would  retain  all  its  motion  ;  and  by  the 
second  part  of  the  law  it  would  lose  a  portion  of  it :  hence 
the  Cartesian  Law  is  false. 

3.  I  shall  take  another  example  of  the  application  of 
this  Law  from  Professor  Playfair's  Dissertation  on  the 
History  of  Mathematical  and  Physical  Science*.  "The 
Academy  of  Sciences  at  Paris  having  (in  1724)  proposed, 
as  a  Prize  Question,  the  Investigation  of  the  Laws  of  the 
Communication  of  Motion,  John  Bernoulli  presented  an 
Essay  on  the  subject  very  ingenious  and  profound;  in 
which,  however,  he  denied  the  existence  of  hard  bodies, 
because  in  the  collision  of  such  bodies,  a  finite  change  of 
motion  nlust  take  place  in  an  instant :  an  event  which,  on 
the  principle  just  explained,  he  maintained  to  be  impos* 
sible."  And  this  reasoning  was  justifiable:  for  we  can 
form  a  continuous  transition  from  cases  in  which  the 
impact  manifestly  occupies  a  finite  time,  (as  when  we 
strike  a  large  soft  body)  to  cases  in  which  it  is  apparently 
instantaneous.  Maclaurin  and  others  are  disposed,  in 
order  to  avoid  the  conclusion  of  Bernoulli,  to  reject  the 
Law  of  Continuity.  This,  however,  would  not  only  be, 
as  Playfair  says,  to  deprive  ourselves  of  an  auxiliary,  com- 
monly useful  though  sometimes  deceptive ;  but  what  is 
much  worse,  to  acquiesce  in  false  propositions,  from  the 
want  of  clear  and  patient  thinking.  For  the  Law  of 
Continuity,  when  rightly  interpreted,  is  never  violated  in 
actual  fact.  There  are  not  really  any  such  bodies  as  have 
been  termed  perfectly  hard :  and  if  we  a])proach  towards 
such  cases,  we  must  learn  the  laws  of  motion  which  rule 
them  by  attending  to  the  Law  of  Continuity,  not  by 
rejecting  it. 

4.  Newton  used  the  Law  of  Continuity  to  suggest, 
but  not  to  prove,  the  doctrine  of  universal  gravitation. 
Let,  he  said,  a  terrestrial  body  be  carried  as  high  as  the 

*  In  the  Bficy.  Brit.,  p.  637. 
VOL.  II.  2  0 
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moon  :  will  it  not  still  fall  to  the  earth  ?  and  does  not  the 
moon  fall  by  the  same  force*  ?  Again :  if  any  one  says 
that  there  is  a  material  ether  which  does  not  gravitatef, 
this  kind  of  matter,  by  condensation,  may  be  gradually 
transmuted  to  the  density  t)f  the  most  intensely  gravi- 
tating bodies :  and  these  gravitating  bodies,  by  taking  the 
internal  texture  of  the  condensed  ether,  may  cease  to 
gravitate ;  and  thus  the  weight  of  bodies  depends,  not 
on  their  quantity  of  matter,  but  on  their  texture ;  which 
doctrine  Newton  conceived  he  had  disproved  by  expe- 
riment. 

5.  The  evidence  of  the  Law  of  Continuity  resides 
in  the  universality  of  those  ideas,  which  enter  into  our 
apprehension  of  Laws  of  Nature,  When,  of  two  quan- 
tities, one  depends  upon  the  other,  the  Law  of  Continuity 
necessarily  governs  this  dependence.  Every  philosopher 
has  the  power  of  applying  this  law,  in  proportion  as  he  has 
the  faculty  of  apprehending  the  ideas  which  he  employs 
in  his  induction,  with  the  same  clearness  and  steadiness 
which  belong  to  the  fundamental  ideas  of  quantity,  space 
and  number.  To  those  who  possess  this  faculty,  the  Law 
is  a  Rule  of  very  wide  and  decisive  application.  Its  use,  as 
has  appeared  in  the  above  examples,  is  seen  rather  in  the 
disproof  of  erroneous  views,  and  in  the  correction  of  false 
propositions,  than  in  the  invention  of  new  truths.  It  is  a 
test  of  tnith,  rather  than  an  instrument  of  discovery. 

Methods,  however,  approaching  very  near  to  the  Law 
•  of  Continuity  may  be  employed  as  positive  means  of  ob- 
taining new  truths ;  and  these  I  shall  now  describe. 
Sect.  II.  The  Method  of  Gradatmu 

6.  To  gather  together  the  cases  which  resemble  each 
other,  and  to  separate  those  which  are  essentially  distinct, 
has  often  been  described  as  the  main  business  of  science ; 
and  may,  in  a  certain  loose  and  vague  manner  of  speaking 
pass  for  a  description  of  some  of  the  leading  procedures  in 

*  Prmdfvj^^  I,  Ui.  prop.  6.  t  iJ.,  CJor.  2. 
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the  acquirement  of  knoM^Iedge.  The  selection  of  instances 
lii'hich  agree,  and  of  instances  which  differ,  in  some  pro- 
minent point  or  property,  are  important  steps  in  the 
formation  of  science.  But  when  classes  of  things  and 
properties  have  been  established  in  virtue  of  such  com- 
parisons, it  may  still  be  doubtful  whether  these  classes  are 
separated  by  distinctions  of  opposites,  or  by  differences  of 
degree.  And  to  settle  such  questions,  the  Method  of 
Gradation  is  employed;  which  consists  in  taking  inter- 
mediate stages  of  the  properties  in  question,  so  as  to 
ascertain  by  experiment  whether,  in  the  transition  from 
one  class  to  another,  we  have  to  leap  over  a  manifest  gap, 
or  to  follow  a  continuous  road. 

7.  Thus  for  instance,  one  of  the  early  Divisions  estab« 
lished  by  electrical  philosophers  was  that  of  Electrics  and 
Conductors.  But  this  division  Faraday  has  overturned  as 
an  essential  opposition.  He  takes*  a  Gradation  which 
carries  him  from  Conductors  to  Non-conductors.  Sul- 
phur, or  lac,  he  says,  are  held  to  be  non-conductors,  but 
are  not  rigorously  so.  Spermaceti  is  a  bad  conductor : 
ice  or  water  better  than  spermaceti:  metals  so  much 
better  that  they  are  put  in  a  different  class.  But  even  in 
metals  the  transit  of  the  electricity  is  not  instantaneous : 
we  have  in  them  proof  of  a  retardation  of  the  electric 
current:  "and  what  reason,"  Mr.  Faraday  asks,  "why 
this  retardation  should  not  be  of  the  same  kind  as  that 
in  spermaceti,  or  in  lac,  or  sulphur  ?  But  as,  in  them, 
retardation  is  insulation,  [and  insulation  is  inductionf] 
why  should  we  refuse  the  same  relation  to  the  same 
exhibitions  of  force  in  the  metals  ?" 

The  process  employed  by  the  same  sagacious  philo- 
sopher to  show  the  identity  of  Voltaic  and  Franklinic 

•  Eewarches,  12th  Series,  Art.  1328. 

t  These  words  refer  to  another  proposition,  also  established  by  the 
Method  of  Chradation. 

2  0  2 
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electricity  is  another  example  of  the  same  kind*.  Ma- 
chine [Franklinic]  electricity  was  made  to  exhibit  the 
same  phenomena  as  Voltaic  electricity,  by  causing  the 
discharge  to  pass  through  a  bad  conductor,  into  a  very 
extensive  discharging  train :  and  thus  it  was  clearly  shown 
that  Franklinic  electricity,  not  so  conducted,  diifers  from 
the  other  kinds,  only  in  being  in  a  state  of  successive 
tension  and  explosion  instead  of  a  state  of  continued 
current. 

Again  ;  to  show  that  the  decomposition  of  bodies  in 
the  voltaic  circuit  was  not  due  to  the  Attraction  of  the 
Polesf ,  Mr.  Faraday  devised  a  beautiful  series  of  experi- 
ments, in  which  these  supposed  Poles  were  made  to 
assume  all  possible  electrical  conditions: — in  which  the 
decomposition  took  place  against  air,  which  according  to 
common  language  is  not  a  conductor,  nor  is  decomposed ; 
— against  the  metallic  poles,  which  are  excellent  conduc- 
tors but  undecomposable :  and  hence  he  infers  that  the 
decomposition  cannot  justly  be  considered  as  due  to  the 
Attraction,  or  Attractive  Powers,  of  the  Poles. 

8.  The  reader  of  the  Novum  Ch^ganon  may  perhaps,  in 
looking  at  such  examples  of  the  Rule,  be  reminded  of 
some  of  Bacon's  classes  of  instances,  as  his  instantia 
absentuB  in  'proximOy  and  his  insfantus  migrantes.  But  we 
may  remark  that  instances  classed  and  treated  as  Bacon 
recommends  in  those  parts  of  his  work,  could  hardly  lead 
to  scientific  truth.  His  processes  are  vitiated  by  his 
proposing  to  himself  the  foi'tn  or  came  of  the  property 
before  him,  as  the  object  of  his  inquiry ;  instead  of  being 
content  to  obtain,  in  the  first  place,  the  law  of  phenomena. 
Thus  his  example t  of  a  migrating  instance  is  thus  given. 
"  Let  the  nature  inquired  into  be  that  of  whiteness ;  an 
instance  migrating  to  the  production  of  this  property  is 
glass,  first  whole,  and  then  pulverized ;  or  plain  water,  and 

*  Hi9t.  Ind,  ScL,  Hi.  1G4.  f  Jb.,  165.     Bmnrchett,  Art  497 

t  Nov.  Org.,  lib.  ii.  Aph.  28. 
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water  agitated  into  a  foam ;  for  glass  and  water  are  trans- 
parent, and  not  white ;  but  glass  powder  and  foam  are 
white,  and  not  transparent.  Hence  we  must  inquire 
what  has  happened  to  the  glass  or  water  in  that  migra- 
tion. For  it  is  plain  that  the  jorm  of  whiteness  is  con- 
veyed and  induced  by  the  crushing  of  the  glass  and 
shaking  of  the  water." 

9-  We  may  easily  give  examples  from  other  subjects 
in  which  the  method  of  gradation  has  been  used  to  esta- 
blish, or  to  endeavour  to  establish,  very  extensive  propo- 
sitions. Thus  Laplace's  Nebular  Hypothesis, — ^that  sys^ 
tems  like  our  solar  system  are  formed  by  gradual  conden- 
sation from  diffused  masses,  such  as  the  nebulae  among 
the  stars, — is  founded  by  him  upon  an  application  of  this 
Method  of  Gradation.  We  see,  he  conceives,  among 
these  nebulae,  instances  of  all  degrees  of  condensation, 
from  the  most  loosely  diffused  fluid,  to  that  separation 
and  solidification  of  parts  by  which  suns,  and  satellites, 
and  planets  are  formed:  and  thus  we  have  before  us 
instances  of  systems  in  all  their  stages;  as  in  a  forest  we 
see  trees  in  every  period  of  growth.  How  far  the  exam- 
ples in  this  case  satisfy  the  demands  of  the  Method  of 
Gradation,  it  remains  for  astronomers  and  philosophers  to 
examine. 

Again ;  this  method  was  used  with  great  success  by 
MacuUoch  a;nd  others  to  refute  the  opinion,  put  in  cur- 
rency by  the  Wernerian  school  of  geologists,  that  the 
rocks  called  trap  rocks  must  be  classed  with  those  to 
which  a  sedimentary  origin  is  ascribed.  For  it  was  shown 
that  a  gradual  transition  might  be  traced  from  those 
examples  in  which  trap  rocks  most  resembled  stratified 
rocks,  to  the  lavas  which  have  been  recently  ejected  from 
volcanoes :  and  that  it  was  impossible  to  assign  a  different 
origin  to  one  portion,  and  to  the  other,  of  this  kind  of 
mineral  masses ;  and  as  the  volcanic  rocks  were  certainly 
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not  sedimentary,  it  followed  that  the  trap  rocks  were  not 
of  that  nature. 

Again;  we  have  an  attempt  of  a  still  larger  kind 
made  by  Mr.  Lyell,  to  apply  this  Method  of  Gradation  so 
as  to  disprove  all  distinction  between  the  causes  by  which 
geological  phenomena  have  been  produced,  and  the  causes 
whicli  are  now  acting  at  the  earth's  surface.  He  has 
collected  a  very  remarkable  series  of  changes  whicli  have 
taken  place,  and  are  still  taking  place,  by  the^^^action  of 
water,  volcanoes,  earthquakes,  and  other  terrestnal  opera- 
tions ;  and  he  conceives  he  has  shown  in  these  a  gradatton 
which  leads,  with  no  wide  chasm  or  violent  leap,  to  the 
state  of  things  of  which  geological  researches  have  sup- 
plied the  evidence. 

10.  Of  the  value  of  this  Method  in  geological  specu- 
lations, no  doubt  can  be  entertained.     Yet  it  must  still 
require  a  grave  and  profound  consideration,  in  so  vast  an 
application  of  the  Method  as  that  attempted  by  Mr.  Lyell, 
to  determine  what  extent  we  may  allow  to  the  steps  of 
our  gradation ;  and  to  decide  how  far  the  changes  which 
have  taken  place  in  distant  parts  of  the  series  may  exceed 
those  of  which  we  have  historical  knowledge,  before  they 
cease  to  be  of  the  same  kind.     Those  who,  dwelling  in  a 
city,  see,  from  time  to  time,  one  house  built  and  another 
pulled  down,  may  say  that  such  eansting  causes^  operating 
through  past  time,  sufficiently  explain  the  existing  condi- 
tion of  the  city.    Yet  we  arrive  at  important  political  and 
historical  truths,  by  considering  the  origin  of  a  city  as  an 
event  of  a  different  order  from  those  daily  changes.     The 
causes  which   are   now  working  to  produce   geological 
results,  may  be  supposed  to  have  been,  at  some  former 
epoch,  so  far  exaggei-ated  in  their  operation,  that  the 
changes  should  be  paroxysms,  not  degrees; — that  they 
should  violate,  not  continue,  the  gradual  series.     And 
we  have  no  kind  of  evidence  whether  the  duration  of  our 
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historical  times  is  sufficient  to  give  us  a  just  measure  of 
the  limits  of  such  degrees; — whether  the  terms  which  we 
have  under  our  notice  enable  us  to  ascertain  the  average 
rate  of  progression. 

11.  The  result  of  such  considerations  seems  to  be 
this: — that  we  may  apply  the  Method  of  Gradation  in 
the  investigation  of  geological  causes,  provided  we  leave 
the  Limits  of  the  Gradation  undefined.  But,  then,  this 
is  equivalent  to  the  admission  of  the  opposite  hypothesis : 
for  a  continuity  of  which  the  successive  intervals  are  not 
limited,  is  not  distinguishable  from  discontinuity.  The 
geological  sects  of  recent  times  have  been  distinguished 
as  unifm^mitarians  and  catastrophists :  the  Method  of 
Gradation  seems  to  prove  the  doctrine  of  the  uniformi- 
tarians ;  but  then,  at  the  same  time  that  it  does  this,  it 
breaks  down  the  distinction  between  them  and  the  cata* 
strophists. 

There  are  other  exemplifications  of  the  use  of  grada- 
tions in  Science  which  well  deserve  notice :  but  some  of 
them  are  of  a  kind  somewhat  different,  and  may  be  con- 
sidered under  a  separate  head. 

Sect.  III.  2'he  Method  of  Natural  Cldssificatioti. 

12.  The  method  of  natural  classification  consists,  as 
we  have  seen,  in  grouping  together  objects,  not  according 
to  any  selected  properties,  but  according  to  their  most 
important  resemblances ;  and  in  combining  such  grouping 
with  the  assignation  of  certain  marks  of  the  classes  thus 
formed.  The  examples  of  the  successful  application 
of  this  method  are  to  be  found  in  the  Classificatory 
Sciences  through  their  whole  extent;  as,  for  example, 
in  framing  the  Genera  of  plants  and  animals.  The 
same  method,  however,  may  often  be  extended  to 
other  sciences.  Thus  the  classification  of  crystalline 
forms,  acconling  to  their  degree  of  symmetry,  (which 
is   really   an   important   distinction,)   as   introduced   by 
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Mohs  and  Weiss,  was  a  great  improvement  upon  Haiiy's 
arbitrary  division  according  to  certain  assumed  primaiy 
forms.  Sir  David  Brewster  was  led  to  the  same  distinc- 
tion of  crystals  by  the  study  of  their  optical  properties; 
and  the  scientific  value  of  the  classification  was  thus 
strongly  exhibited.  Mr.  Howard's  classification  of  clouds 
appears  to  be  founded  in  their  real  nature,  since  it  enables 
him  to  express  the  laws  of  their  changes  and  successions. 
As  we  have  elsewhere  said,  the  criterion  of  a  true  classifi- 
cation is,  that  it  makes  general  propositions  possible. 
One  of  the  most  prominent  examples  of  the  beneficial 
influence  of  a  right  classification,  is  to  be  seen  in  the 
impulse  given  to  geology  by  the  distinction  of  strata 
according  to  the  organic  fossils  which  they  contain*: 
which,  ever  since  its  general  adoption,  has  been  a  leading 
principle  in  the  speculations  of  geologists. 

13.  The  mode  in  which,  in  this  and  in  other  cases,  the 
Method  of  Natural  Classification  directs  the  researches  of 
the  philosopher,  is  this : — ^his  arrangement  being  adopted, 
at  least  as  an  instrument  of  inquiry  and  trial,  he  follows 
the  course  of  the  different  members  of  the  classification, 
according  to  the  guidance  which  Nature  herself  ofters: 
not  prescribing  beforehand  the  marks  of  each  part,  but 
distributing  the  facts  according  to  the  total  resemblances, 
or  according  to  those  resemblances  which  he  finds  to  be 
most  important.  Thus,  in  tracing  the  course  of  a  series 
of  strata  from  place  to  place,  we  identify  each  stratum, 

not  by  any  single  character,  but  by  all  taken  together ; 

texture,  colour,  fossils,  position,  and  any  other  circum- 
stances which  offer  themselves.  And  if,  by  this  meansi 
we  come  to  ambiguous  cases,  where  different  indications 
appear  to  point  different  ways,  we  decide  so  as  best  to 
preserve  undamaged  those  general  relations  and  truths 
which  constitute  the  value  of  our  system.    Thus  although 

*  Hi9i.  Ind.  Sci,  iii.  507. 
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we  consider  the  organic  fossils  in  each  stratum  as  its 
most  important  characteristic,  we  are  not  prevented,  by 
the  disappearance  of  some  fossils,  or  the  addition  of  others, 
or  their  total  absence,  from  identifying  strata  in  distant 
countries,  if  the  position  and  other  circumstances  autho- 
rize us  to  do  so.  And  by  this  Method  of  Classification, 
the  doctrine  of  Geological  Equivalents*  has  been  applied 
to  a  great  part  of  Europe. 

14.  We  may  further  observe,  that  the  same  method 
of  natural  classification  which  thus  enables  us  to  identify 
strata  in  remote  situations,  notwithstanding  there  may  be 
great  differences  in  their  material  and  contents,  also  for- 
bids us  to  assume  the  identity  of  the  series  of  rocks  which 
occur  in  different  countries,  when  it  has  not  been  verified 
by  such  a  continuous  exploration  of  the  component  mem- 
bers of  the  series.  It  would  be  in  the  highest  degree 
unphilosophical  to  apply  the  special  names  of  the  Eng- 
lish or  German  strata  to  the  rocks  of  India,  or  America, 
or  even  of  southern  Europe,  till  it  has  appeared  that  in 
those  countries  the  geological  series  of  northern  Europe 
really  exists.  In  each  separate  country,  the  divisions  of 
the  formations  which  compose  the  crust  of  the  earth  must 
be  made  out,  by  applying  the  Method  of  Natural  Arrange- 
ment to  that  particuhr  case,  and  not  by  arbitrarily  extend- 
ing to  it  the  nomenclature  belonging  to  another  case.  It 
is  only  by  such  precautions,  that  we  can  ever  succeed  in 
obtaining  geological  propositions,  at  the  same  time  true 
and  comprehensive ;  or  can  obtain  any  sound  general  views 
respecting  the  physical  history  of  the  earth. 

1 5.  The  method  of  natural  classification,  which  we  thus 
recommend,  falls  in  with  those  mental  habits  which  we 
formerly  described  as  resulting  from  the  study  of  natural 
history.  The  method  was  then  termed  the  Method  of 
Type,  and  was  put  in  opposition  to  the  Method  of  Defi^ 
nition. 

*  Hist.  InJ,  Sci,  in.  532. 
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The  Method  of  Natural  Classification  is  directly  op- 
posed to  the  process  in  which  we  assume  and  apply  arbi- 
trary  definitions;  for  in  the  former  Method,  we  find  our 
classes  in  nature,  and  do  not  make  them  by  marks  of  our 
own  imposition.  Nor  can  any  advantage  to  the  progress 
of  knowledge  be  procured,  by  laying  down  our  characters 
when  our  arrangements  are  as  yet  quite  loose  and  un- 
formed. Nothing  was  gained  by  the  attempts  to  deJiM 
Metals  by  their  weight,  their  hardness,  their  ductility, 
their  colour ;  for  to  all  these  marks,  as  last  as  thev  were 
proposed,  exceptions  were  found,  among  bodies  which 
still  could  not  be  excluded  from  the  list  of  Metals.  It 
was  only  when  elementary  substances  were  divided  into 
Natural  Classes^  of  which  classes  Metals  were  one,  that  a 
true  view  of  their  distinctive  characters  was  obtained. 
Definitions  in  the  outset  of  our  examination  of  nature 
are  almost  always,  not  only  useless,  but  prejudicial. 

16.  When  we  obtain  a  law  of  nature  by  induction 
from  phenomena,  it  commonly  happens,  as  we  have 
already  seen,  that  we  introduce,  at  the  same  time,  a  Pro- 
position and  a  Definition.  In  this  case,  the  two  are  cor- 
relative, each  giving  a  real  value  to  the  other.  In  such 
cases,  also,  the  Definition,  as  well  as  the  Proposition,  may 
become  the  basis  of  rigorous  reasoning,  and  may  lead  to 
a  series  of  deductive  truths.  We  have  examples  of  such 
Definitions  and  Propositions  in  the  laws  of  motion,  and 
in  many  other  cases. 

17.  When  we  have  established  Natural  Classes  of 
objects,  we  seek  for  Characters  of  our  classes ;  and  these 
Characters  may,  to  a  certain  extent,  be  called  the  Defini- 
tiotis  of  our  classes.  Tliis  is  to  be  understood,  however, 
only  in  a  limited  sense :  for  these  Definitions  are  not 
absolute  and  permanent.  They  are  liable  to  be  modified 
and  superseded.  If  we  find  a  case  which  manifestly  be- 
longs to  our  Natural  Class,  though  violating  our  Defini- 
tion, we  do  not  shut   out  the  case,  but  alter  our  defini- 
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tion.  Thus,  when  we  have  made  it  part  of  our  Definition 
of  the  Rose  family,  that  they  have  alteimate  stipulate  leaves^ 
we  do  not,  therefore,  exclude  from  the  family  the  genus 
LoivtBtty  which  has  no  stipidce.  In  Natural  Classifications, 
our  Definitions  are  to  be  considered  as  temporary  and 
provisional  only.  When  Mr.  Lyell  established  the  dis- 
tinctions of  the  tertiary  strata,  which  he  termed  Eocene^ 
Miocefie^  and  Pliocene^  he  took  a  numerical  criterion  (the 
proportion  of  recent  species  of  shells  contained  in  those 
strata)  as  the  basis  of  his  division.  But  now  that  those 
kinds  of  strata  have  become,  by  their  application  to  a 
great  variety  of  cases,  a  series  of  Natural  Classes,  we  must, 
in  our  researches,  keep  in  view  the  natural  connexion 
of  the  formations  themselves  in  different  places;  and 
must  by  no  means  allow  ourselves  to  be  governed  by  the 
numerical  proportions  which  were  originally  contemplated; 
or  even  by  any  amended  numerical  criterion  equally  arbi- 
trary ;  for  however  amended.  Definitions  in  natural  his- 
tory are  never  immortal.  The  etjntnologies  of  Pliocene 
and  Miocene  may,  hereafter,  come  to  have  merely  an  his- 
torical interest ;  and  such  a  state  of  things  will  be  no 
more  inconvenient,  provided  the  natural  connexions  of 
each  class  are  retained,  than  it  is  to  call  a  rock  odite  or 
porphyry^  when  it  has  no  roelike  structure  and  no  fiery 
spots. 

The  Methods  of  Induction  which  are  treated  of  in 
this  and  the  preceding  chapter,  and  which  are  specially 
applicable  to  causes  governed  by  relations  of  Quantity  or 
of  Resemblance,  commonly  lead  us  to  Laws  of  Phenomena 
only.  Inductions  founded  upon  other  ideas,  those  of 
Substance  and  Cause  for  example,  appear  to  conduct  us 
somewhat  further  into  a  knowledge  of  the  essential 
nature  and  real  connexions  of  things.  But  before  we 
speak  of  these,  we  shall  say  a  few  words  respecting  the 
way  in  which  inductive  propositions,  once  obtained,  may 
be  verified  and  carried  into  effect  by  their  application. 
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Chapter  IX. 
OF  THE  APPLICATION  OF    INDUCTIVE    TRUTHS. 

1.  By  the  application  of  inductive  truths,  we  here 
mean,  according  to  the  arrangement  given  in  page  494, 
those  steps,  which  in  the  natural  order  of  science,  follow 
the  discovery  of  each  truth.  These  steps  are,  the  verifica- 
tion of  the  discovery  by  additional  experiments  and  rea- 
sonings, and  its  eA'temion  to  new  cases,  not  contemplated 
by  the  original  discoverer.  These  processes  occupy  that 
period,  whicb,  in  the  history  of  each  great  discovery,  we 
have  termed  the  Sequel  of  the  epoch;  as  the  collection 
of  facts,  and  the  elucidation  of  conceptions,  form  its 
Prelude. 

2.  It  is  not  necessary  to  dwell  at  length  on  the  pro- 
cesses of  the  verification  of  discoveries.  When  the  law  of 
nature  is  once  stated,  it  is  far  easier  to  devise  and  execute 
experiments  which  prove  it,  than  it  was  to  discern  the 
evidence  before.  The  truth  becomes  one  of  the  standard 
doctrines  of  the  science  to  w^hich  it  belongs,  and  is  veri- 
fied by  all  who  study  or  who  teach  the  science  exj>eri- 
mentally.  The  leading  doctrines  of  chemistry  are  con- 
stantly exemplified  by  each  chemist  in  his  Laboraiary; 
and  an  amount  of  verification  is  thus  obtained  of  which 
books  give  no  adequate  conception.  In  astronomy,  we 
have  a  still  stronger  example  of  the  process  of  verifying 
discoveries.  Ever  since  the  science  assumed  a  systematic 
form,  there  have  been  Observatories^  in  which  the  conse- 
quences of  the  theory  were  habitually  compared  with  the 
results  of  observation.  And  to  facilitate  this  comparison. 
Tables  of  great  extent  have  been  calculated,  with  immense 
labour,  from  each  theory,  showing  the  place  which  the 
theory  assigned  to  the  heavenly  bodies  at  successive 
times ;  and  thus,  as  it  were,  challenging  nature  to  deny 
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the  truth  of  the  discovery.  In  this  way,  as  I  have  else- 
where stated,  the  continued  prevalence  of  an  error  in  the 
systematic  parts  of  astronomy  is  impossible*.  An  error, 
if  it  arise,  makes  its  way  into  the  tables,  into  the  ephe- 
meris,  into  the  observer's  nightly  list,  or  his  sheet  of  re- 
ductions ;  the  evidence  of  sense  flies  in  its  face  in  a  thou- 
sand Observatories ;  the  discrepancy  is  traced  to  its  source, 
and  soon  disappears  for  ever. 

3.  In  these  last  expressions,  we  suppose  the  theory, 
not  only  to  be  tested,  but  also  to  be  corrected  when  it  is 
found  to  be  imperfect.  And  this  also  is  part  of  the  busi- 
ness of  the  observing  astronomer.  From  his  accumulated 
observations,  he  deduces  more  exact  values  than  had  pre- 
viously been  obtained,  of  the  Coefficients  of  these  Ine- 
qualities of  which  the  Argument  is  already  known.  This 
he  is  enabled  to  do  by  the  methods  explained  in  the  fifth 
chapter  of  this  Book ;  the  Method  of  Means,  and  espe- 
cially the  Method  of  Least  Squares.  In  other  cases,  he 
finds,  by  the  Method  of  Residues,  some  new  Inequality ; 
for  if  no  change  of  the  Coefficients  will  bring  the  Tables 
and  the  observation  to  a  coincidence,  he  knows  that  a 
new  Term  is  wanting  in  his  formula.  He  obtains,  as  far 
as  he  can,  the  law  of  this  unknown  Term ;  and  when  its 
existence  and  its  law  have  been  fiilly  established,  there 
remains  the  task  of  tracing  it  to  its  cause. 

4.  The  condition  of  the  science  of  Astronomy,  with 
regard  to  its  security  and  prospect  of  progress,  is  one  of 
singular  felicity.  It  is  a  question  well  worth  our  con- 
sideration, as  regarding  the  interests  of  science,  whether, 
in  other  branches  of  knowledge  also,  a  continued  and  con- 
nected St/stem  of  observaiion  and  calculation^  imitating  the 
system  employed  by  astronomers,  might  not  be  adopted. 
But  the  discussion  of  this  question  would  involve  us  in  a 
digression  too  wide  for  the  present  occasion. 

*  iJwf. /nrf.  ^'.j  ii.  287. 
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5.  There  is  another  mode  of  application  of  true  theo- 
ries after  their  discovery,  of  which  we  must  also  speak ;  I 
mean  the  process  of  showing  that  facts,  not  included  in 
the  original  induction,  and  apparently  of  a  different  kind 
are  explained  by  reasonings  founded  upon  the  theory. 
The  history  of  physical  astronomy  is  full  of  such  events. 
Thus  after  Bradley  and  Wargentin   had   observed  a  ce^ 
tain  cycle  among  the  perturbations  of  Jupiter's  satellites, 
Laplace  explained  this  cycle  by  the  doctrine  of  universal 
gravitation*.     The  long  inequality  of  Jupiter  and  Saturn, 
the  diminution  of  the  obliquity  of  the  ecliptic,  the  acce- 
leration of  the  moon's  mean  motion,  were  in  like  manner 
accounted  for  by  Laplace.     The  coincidence  of  the  nodes 
of  the  moon's  equator  with  those  of  her  orbit  was  proved 
to  result  from  mechanical  principles  by  Lagrange.      The 
motions  of  the  recently-discovered  planets,  and  of  comets, 
shown  by  various  mathematicians  to  be  in  exact  accord- 
ance  with  the  theory,  are  verifications  and  extensions  still 
more  obvious. 

6.  In  many  of  the  cases  just  noticed,  the  consistency 
between  the  theory,  and  the  consequences  thus  proved  to 
result  from  it,  is  so  far  from  being  evident,  that  the  most 
consummate  command  of  all  the  powers  and  aids  of  ma- 
thematical reasoning  is  needed,  to  enable  the  philosopher 
to  arrive  at  the  result.  In  consequence  of  this  circum- 
stance, the  labours  just  referred  to,  of  Laplace,  Lagrange, 
and  others,  have  been  the  object  of  very  great  and  very 
just  admiration.  Moreover,  the  necessary  connexion  of 
new  facts,  at  first  deemed  inexplicable,  with  principles  al- 
ready known  to  be  true ; — a  connexion  utterly  invisible  at 
the  outset,  and  yet  at  last  established  with  the  certainty 
of  demonstration ; — strikes  us  with  the  delight  of  a  new 
discovery ;  and  at  first  sight  appears  no  less  admirable 
than  an  original  induction.    Accordingly,  men  sometimes 

*  HuU  Ind.  iSki.,  ii.  220. 
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appear  tempted  to  consider  Laplace  and  other  great 
mathematicians  as  persons  of  a  kindred  genius  to  Newton. 
We  must  not  forget,  however,  that  there  is  a  great  and 
essential  difference  between  inductive  and  deductive  i)ro-i 
cesses  of  the  mind.  The  discovery  of  a  netv  theory, 
which  is  true,  is  a  step  widely  distinct  from  any  mere: 
development  of  the  consequences  of  a  theory  already^ 
invented  and  established. 

7.  As  an  example,  in  another  field,  of  the  extension 
of  a  discovery  by  applying  it  to  the  explanation  of  new 
phenomena,  we  may  adduce  Wells's  Inquhy  into  the  Cause 
of  Dew.  For  this  investigation,  although  it  has  some- 
times been  praised  as  an  original  discovery,  was,  in  fact, 
only  resolving  the  phenomenon  into  principles  already 
discovered.  The  atmologists  of  the  last  century  were 
aware*  that  the  vapour  which  exists  in  air  in  an  invisible 
state  may  be  condensed  into  water  by  cold ;  and  they  had 
noticed  that  there  is  always  a  certain  temperature,  lower 
than  that  of  the  atmosphere,  to  which  if  we  depress 
bodies,  water  forms  upon  them  in  fine  drops.  This  tem- 
perature is  the  limit  of  that  which  is  necessary  to  consti- 
tute vapour,  and  is  hence  called  the  constituent  temperature. 
But  these  principles  were  not  generally  familiar  in  Eng- 
land till  Dr.  Wells  introduced  them  into  his  Essai^  on 
Dew,  published  in  1814;  having  indeed  been  in  a  great 
measure  led  to  them  by  his  own  experiments  and  reason- 
ings. His  explanation  of  Dew, — ^that  it  arises  from  the 
coldness  of  the  bodies  on  which  it  settles, — was  established 
with  great  ingenuity;  and  is  a  very  elegant  oonfirmation 
of  the  Theory  of  Constituent  Temperature. 

8.  The  example  of  all  the  best  writers  who  have  pre- 
viously treated  of  the  philosophy  of  sciences,  from  Bacon 
to  Herschel,  draws  our  attention  to  those  instances  of  the 
application  of  scientific  truths,  which  are  subservient  to: 

•  JfUt.  Ind.  ScL,  ii.  610. 
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the  uses  of  practical  life ;  to  the  support,  the  preservn- 
tion,   the  pleasure  of  man.     It  is  well    known  in  how 
large  a  degree  the  furtherance  of  these  objects  constituted 
the  merit  of  the  Novum  Organon  in  the  eyes  of  its  author; 
and  the  enthusiasm  with  which  men   regard  these  visible 
and  tangible  manifestations  of  the  power  and  advantage 
which  knowledge  may  bring,  has  gone  on  increasing  up  to 
our  own  day.     Such  useful  inventions  as  we  here  refer  to 
must  always  be  objects  of  great  philosophical,  as  well  as 
practical  interest ;  and  it  might  be  well  worth  our  while, 
did  our  present  limits  allow,  to  discuss  the  bearing  of  such 
inventions  upon  the  formation  and  progress  of  science. 
For   the   present,  it  must  suffice  to  observe  that  those 
practical  inventions  which  are  of  most  importance  in  the 
Arts,  are  rarely  cw  never  of  any  material  consequence  to 
Science;  for   they  are  either  mere   practical  processes, 
which  the  artist  practises,  but  which  the  scientist  can- 
not account  for :  or  at  most,  they  depend  upon  some  of 
the  inferior  generalizations  of  science  for   their  reason, 
and  do  not  tend  to  confirm  or  illustrate  the  higber  points 
at  M'hich  theory  has  arrived.      These  considerations  must 
be  our  apology  for  not  entering  into  this  discussion  at  the 
present  advanced  stage  of  our  undertaking.     As  we  have 
already  said,  knowledge  is  power ;  but  its  interest  for  us 
in  the  present  work,  is  not  that  it  is  power,  but  that  it  is 
knowledge.     The  effect  which  the  application  of  science 
to  general  practical  uses  has  in  diffusing  a  knowledge  of 
theoretical  principles,  and  thus  in  giving  to  men's  minds 
an  intellectual  culture,  is  indeed  well  worthy  our  attention; 
but  the  consideration  of  this  subject  must  be  reserved 
for  some  future  occasion. 

We  must  now  conclude  our  task  by  a  few  words  on 
the  subject  of  inductions  involving  Ideas  ulterior  to  those 
already  considered. 
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Chapter  X. 
OF  THE  INDUCTION  OF  CAUSES. 

1.  We  formerly*  stated  the  objects  of  the  researches 
of  Science  to  be  Laws  of  Phenomena  and  Causes ;  and 
showed  the  propriety  and  the  necessity  of  not  resting  in 
the  former  object,  but  extending  our  inquiries  to  the 
latter  also.  Inductions,  in  which  phenomena  are  con- 
nected by  relations  of  Space,  Time,  Number  and  Resem- 
blance, belong  to  the  former  class ;  and  of  the  Methods 
applicable  to  such  Inductions  we  have  treated  already. 
In  proceeding  to  Inductions  governed  by  any  ulterior 
Ideas,  we  can  no  longer  lay  down  any  Special  Methods 
by  which  our  procedure  may  be  directed.  A  few  general 
remarks  are  all  that  we  shall  offer. 

The  principal  Maxim  in  such  cases  of  Induction  is 
the  obvious  one : — that  we  must  be  careful  to  possess  and 
to  apply,  with  perfect  clearness  and  precision,  the  Funda- 
mental Idea  on  which  the  Induction  depends. 

We  may  illustrate  this  in  a  few  cases. 

2.  Induction  of  Substance. — ^Tlie  Idea  of  Substance f 
involves  this  axiom,  that  the  weight  of  the  whole  com- 
pound must  be  equal  to  the  weights  of  the  separate 
elements,  whatever  changes  the  composition  or  separation 
of  the  elements  may  have  occasioned.  The  application 
of  this  Maxim  we  may  teim  the  Method  of  the  Balance. 
We  have  seen  if  how  the  memorable  revolution  in  Chemis- 
try, the  overthrow  of  phlogiston,  and  the  establishment  of 
the  oxygen  theory,  was  produced  by  the  application  of  this 
Method.  We  have  seen  toof  that  the  same  Idea  leads 
us  to  this  Maxim ; — that  Imponderable  Fluids  are  not  to 
be  admitted  as  chemical  elements  of  bodies. 

*  Book  xi.  c.  7*  +  ^«  vi.  c.  3.  t  Ih.  vol.  i.  p.  397. 
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Whether  those  which  have  been  termed  Imponderalk 
Fluids, — the  supposed  fluids  which  produce  the  pheno- 
mena of  Light,  Heat,  Electricity,  Galvanism,  Magnetism, — 
really  exist  or  no,  is  a  question,  not  merely  of  the  Laws, 
but  of  the  Causes  of  Phenomena.  It  is,  as  has  already 
been  shown,  a  question  which  we  cannot  help  discussing, 
but  which  is  at  present  involved  in  great  obscurity.  Nor 
does  it  appear  at  all  likely  that  we  shall  obtain  a  true 
view  of  the  cause  of  Light,  Heat,  and  Electricity,  till  we 
have  discovered  precise  and  general  laws  connecting 
optical,  thermotical,  and  electrical  phenomena  with  those 
chemical  doctrines  to  which  the  Idea  of  Substance  is 
necessarily  applied. 

3.  Induction  of  Fwce. — ^The  inference  of  Mechanical 
Forces  from  phenomena  has  been  so  abundantly  practised, 
that  it  is  perfectly  familiar  among  scientific  inquirers. 
From  the  time  of  Newton,  it  has  been  the  most  common 
aim  of  mathematicians ;  and  a  persuasion  has  grown  np 
among  them,  that  mechanical  forces,  attraction  and  re- 
pulsion, are  the  only  modes  of  action  of  the  particles  of 
bodies  which  we  shall  ultimately  have  to  consider.  I 
have  attempted  to  show  that  this  mode  of  conception  is 
inadequate  to  the  purposes  of  sound  philosophy ; — that 
the  particles  of  crystals,  and  the  elements  of  chemical 
compounds,  must  be  supposed  to  be  combined  in  some 
other  way  than  by  mere  mechanical  attraction  and 
repulsion.  Faraday  has  gone  further  in  shaking  the 
usual  conceptions  of  the  force  exerted,  in  well-known 
cases.  Among  the  most  noted  and  conspicuous  instances 
of  attraction  and  repulsion  exerted  at  a  distance,  were 
those  which  take  place  between  electrized  bodies.  But 
the  eminent  electrician  just  mentioned  has  endeavoured 
to  establish,  by  experiments  of  which  it  is  very  difficult 
to  elude  the  weight,  that  the  action  in  these  cases  does 
not  take  place  at  a  distance,  but  is  the  result  of  a  chain 
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of  intermediate  particles  connected  at  eyery  point  by 
forces  of  another  kind*. 

4.  Indtiction  of  PoUmty. — ^The  forces  to  which  Mr. 
Faraday  ascribes  the  action  in  these  cases  are  Polar 
Forces.  We  have  already  endeavoured  to  explain  the 
Idea  of  Polar  Forces ;  which  implies  f  that  at  every  point 
forces  exactly  equal  act  in  opposite  directions  ;  and  thus, 
in  the  greater  part  of  their  course,  neutralize  and  conceal 
each  other ;  while  at  the  extremities  of  the  line,  being  by 
some  cause  liberated,  they  are  manifested,  still  equal  and 
opposite.  And  the  criterion  by  which  this  polar  cha- 
racter of  forces  is  recognized,  is  implied  in  the  reasoning 
of  Faraday,  on  the  question  of  one  or  two  electricities, 
of  which  we  formerly  spoke  J.  The  maxim  is  this: — ^that 
in  the  action  of  polar  forces,  aleng  with  every  manifesta- 
tion of  force  or  property,  there  exists  a  corresponding  and 
simultaneous  manifestation  of  an  equal  and  opposite  force 
or  property. 

5.  As  it  was  the  habit  of  the  last  age  to  reduce  all 
action  to  mechanical  forces,  the  present  race  of  physi- 
cal speculators  appears  inclined  to  reduce  all  forces  to 
polar  forces.  Mosotti  has  endeavoured  to  show  that  the 
positive  and  negative  electricities  pervade  all  bodies,  and 
that  gravity  is  only  an  apparent  excess  of  one  of  the  kinds 
over  the  other.  As  we  have  seen,  Faraday  has  given 
strong  experimental  grounds  for  believing  that  the  sup- 
posed remote  actions  of  electrized  bodies  are  really  the 
effects  of  polar  forces  among  contiguous  particles.  If  this 
doctrine  were  established  with  regard  to  all  electrical, 
magnetical  and  chemical  forces,  we  might  ask,  whether, 
while  all  other  forces  are  polar,  gravity  really  affords  a 
single  exception  to  the  universal  rule  ?  Is  not  the  uni- 
verse pervaded  by  an  omnipresent  antagonism,  a  funda- 

*  ReHarehe$y  12th  Series.  t  ETut.  Ind.  Sei.,  i.  341. 
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mental  conjunction  of  contraries,  everywhere  opposite, 
nowhere  independent?  We  are,  as  yet,  fkr  from  the 
position  in  which  Inductive  Science  can  enable  us  to 
answer  such  inquiries. 

6.  Induction  of  Ulterior  Causes. — ^The  first  Induction 
of  a  Cause  does  not  close  the  business  of  scientific 
inquiry.  Behind  proximate  causes,  there  are  ulterior 
causes,  perhaps  a  succession  of  such.  Gravity  is  the 
cause  of  the  motions  of  the  planets;  but  what  is  the 
cause  of  gravity?  This  is  a  question  which  has  occupied 
men's  minds  from  the  time  of  Newton  to  the  present  day. 
Earthquakes  and  volcanoes  are  the  causes  of  many  geolo- 
gical phenomena ;  but  what  is  the  cause  of  those  subter- 
raneous operations  ?  This  inquiry  after  ulterior  causes  is 
an  inevitable  result  from  the  intellectual  constitution  of 
man.  He  discovers  mechanical  causes,  but  he  cannot 
rest  in  them.  He  must  needs  ask,  whence  it  is  that 
matter  has  its  universal  power  of  attracting  matter.  He 
discovers  polar  forces :  but  even  if  these  be  universal, 
he  still  desires  a  further  insight  into  the  cause  of  this 
polarity.  He  sees,  in  organic  structures,  convincing  marks 
of  adaptation  to  an  end :  whence,  he  asks,  is  this  adapta- 
tion ?  He  traces  in  the  history  of  the  earth  a  chain  of 
causes  and  effects  operating  through  time :  but  what,  he 
inquires,  is  the  power  which  holds  the  end  of  this  chain  ? 

Thus  we  are  referred  back  from  step  to  step,  in 
the  order  of  causation,  in  the  same  manner  as,  in  the 
palaetiological  sciences,  we  were  referred  back  in  the 
order  of  time.  We  make  discovery  after  discovery  in 
the  various  regions  of  science ;  each,  it  may  be,  satisfac- 
tory, and  in  itself  complete,  but  none  final.  Something 
always  remains  undone.  The  last  question  answered,  the 
answer  suggests  still  another  question.  The  strain  of 
music  from  the  lyre  of  Science  flows  on,  rich  and  sweet, 
full    and    harmonious,  but  never   reaches   a   close:  no 
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cadence  is  heard  with  which  the  intellectual  ear  can  feel 
satisfied. 

Of  the  Supreme  Cause. — In  the  utterance  of  Science* 
no  cadence  is  heard  witii  which  the  human  mind  '.n 
feel  satisfied.  Yet  we  cannot  but  go  on  listenii.g 
for  and  expecting  a  satisfactory  close.  The  notion  of  a 
cadence  appears  to  be  essential  to  our  relish  of  the  music. 
The  idea  of  some  closing  strain  seems  to  lurk  among  our 
own  thoughts,  waiting  to  be  articulated  in  the  notes 
which  flow  from  the  knowledge  of  external  nature.  The 
idea  of  something  ultimate  in  our  philosophical  researches, 
something  in  which  the  mind  can  acquiesce,  and  which  will 
leave  us  no  further  questions  to  ask,  of  whence^  and  why^ 
and  by  what  power^  seems  as  if  it  belonged  to  us ; — as  if 
we  could  not  have  it  withheld  from  us  by  any  imperfec- 
tion or  incompleteness  in  the  actual  performances  of 
science.  What  is  the  meaning  of  this  conviction  ?  What 
is  the  reality  thus  anticipated  ?  Whither  does  the  deve- 
lopment of  this  Idea  conduct  us  ? 

We  have  already  seen  that  a  difficulty  of  the  same 
kind,  which  arises  in  the  contemplation  of  causes  and 
effects  considered  as  forming  an  historical  series,  drives 
us  to  the  assumption  of  a  First  Cause,  as  an  Axiom  to 
which  our  Idea  of  Causation  in  time  necessarily  leads. 
And  as  we  were  thus  guided  to  a  Fii-st  Cause  in  order  of 
Succession,  the  same  kind  of  necessity  directs  us  to  a 
Supreme  Cause  in  order  of  Causation. 

On  this  most  weighty  subject  it  is  difficult  to  speak 
fitly;  and  the  present  is  not  the  proper  occasion,  even  for 
most  of  that  which  may  be  said.  But  there  are  one  or 
two  remarks  which  flow  from  the  general  train  of  the 
contemplations  we  have  been  engaged  in,  and  with  which 
this  Work  must  conclude. 

We  have  seen  how  different  are  the  kinds  of  cause  to 
which  we  are  led  by  scientific  researches.    Mechanical 
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Forces  are  insufficient  without  Chemical  Affinities ;  Che- 
mical agencies  fail  us,  and  we  are  compelled  to  have 
recourse  to  Vital  Powers;  Vital  Powers  cannot  be  merely 
physical,  and  we  must  believe  in  something  hyperphysical, 
something  of  the  nature  of  a  Soul.  Not  only  do  biological 
inquiries  lead  us  to  assume  an  animal  soul,  but  they  drive 
us  much  further;  they  bring  before  us  Perception^  and 
Will  evoked  by  Perception.  Still  more,  these  inquiries 
disclose  to  us  Idea^  as  the  necessary  forms  of  Perception, 
in  the  actions  of  which  we  ourselves  are  conscious.  We 
are  aware,  we  cannot  help  being  aware,  of  our  Ideas  and 
our  Volitions  as  belonging  to  w,  and  thus  we  pass 
from  things  to  persons ;  we  have  the  idea  of  Personality 
awakened.  And  the  idea  of  Design  and  Purpose^  of 
which  we  are  conscious  in  our  own  minds,  we  find  reflected 
back  to  us,  with  a  distinctness  which  we  cannot  overlook, 
in  all  the  arrangements  which  constitute  the  frame  of 
organized  beings. 

We  cannot  but  reflect  how  widely  diverse  are  the 
kinds  of  principles  thus  set  before  us ; — by  what  vast 
strides  we  mount  from  the  lower  to  the  higher,  as  we 
proceed  through  that  series  of  causes  which  the  range 
of  the  sciences  thus  brings  under  our  notice.  Yet  we 
know  how  narrow  is  the  range  of  these  sciences  when 
compared  with  the  whole  extent  of  human  knowledge. 
We  cannot  doubt  that  on  many  other  subjects,  besides 
those  included  in  physical  speculation,  man  has  made 
out  solid  and  satisfactory  trains  of  connexion ; — has  dis- 
covered clear  and  indisputable  evidence  of  causation.  It 
is  manifest,  therefore,  that,  if  we  are  to  attempt  to 
ascend  to  the  Supreme  Cause— if  we  are  to  try  to  frame 

an  idea  of  the  Cause  of  all  these  subordinate  causes ; 

we  must  conceive  it  as  more  different  from  any  of  them, 
than  the  most  diverse  are  from  each  other ; — more  elevated 
above  the  highest,  than  the  highest  is  above  the  low^tt 
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But  further ; — though  the  Supreme  Cause  must  thus 
be  inconceivably  different  from  all  subordinate  causes* 
and  immeasurably  elevated  above  them  all,  it  must  still 
include  in  itself  all  that  is  essential  to  each  of  them,  by 
virtue  of  that  very  circumstance  that  it  is  the  Cause  of 
their  Causality.  Time  and  Space, — Infinite  Time  and 
Infinite  Space, — must  be  among  its  attributes ;  for  we 
cannot  but  conceive  Infinite  Time  and  Space  as  attributes 
of  the  Infinite  Cause  of  the  Universe.  Force  and 
Matter  must  depend  upon  it  for  their  eflScacy ;  for  we 
cannot  conceive  the  activity  of  Force,  or  the  resistance  of 
Matter,  to  be  independent  powers.  But  these  are  its 
lower  attributes.  The  Vital  Powers,  the  Animal  Soul, 
which  are  the  Causes  of  the  actions  of  living  things,  are 
only  the  Effects  of  the  Supreme  Cause  of  Life.  And  this 
Cause,  even  in  the  lowest  forms  of  organized  bodies,  and 
still  more  in  those  which  stand  higher  in  the  scale,  in- 
volves a  reference  to  Ends  and  Purposes,  in  short,  to  mani- 
fest Final  Causes.  Since  this  is  so,  and  since,  even  when  we 
contemplate  ourselves  in  a  view  studiously  narrowed,  we 
still  find  that  we  have  Ideas,  and  Will  and  Personality, 
it  would  render  our  philosophy  utterly  incoherent  and 
inconsistent  with  itself,  to  suppose  that  Personality,  and 
Ideas,  and  Will,  and  Purpose,  do  not  belong  to  the 
Supreme  Cause  from  which  we  derive  all  that  we  have 
and  all  that  we  are. 

But  we  may  go  a  step  further ; — though,  in  our  pre- 
sent field  of  speculation,  we  confine  ourselves  to  know- 
ledge founded  on  the  facts  which  the  external  world 
presents  to  us,  we  cannot  forget,  in  speaking  of  such 
a  theme  as  that  to  which  we  have  thus  been  led,  that 
these  are  but  a  small,  and  the  least  significant  portion 
of  the  facts  which  bear  upon  it.  We  cannot  fail  to 
recollect  that  there  are  fitcts  belonging  to  the  world 
within  us,  which  more  readily  and  stronglj  direct  our 
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thoughts  to  the  Supreme  Cause  of  all  things.     We  can 
plainly  discern  that  we  liave  Ideas  elevated    above  the 
region   of  mechanical    causation,    of   animal    existence, 
even  of  mere  choice  and  will,  which  still  have  a  clear  and 
definite  significance,  a  permanent  and  indestructible  vali- 
dity.    We  perceive  as  a  fact,  that  we  have  a  Conscience, 
judging  of  Right  and  Wrong ;  that    we    have  Ideas  of 
Moral  Good  and  Evil ;  that  we  are  compelled  to  conceive 
the  organization  of  the  moral  world,  as  well  as  of  the  vital 
frame,  to  he  directed  to  an  end  arid  governed  by  a  purpose. 
And  since  the  Supreme  Cause  is  the  cause  of  these  facts, 
the  Origin  of  these  Ideas,  we  cannot  refuse  to  recognize 
Him  as  not  only  the  Maker,  but  the  Governor  of  the 
World ;  as  not  only  a  Creative,  but  a  Providential  Power; 
as  not  only  a  Universal  Father,  but  an  Ultimate  Judge. 

We  have  already  passed  beyond  the  boundary  of 
those  speculations  which  we  proposed  to  ourselves  as 
the  basis  of  our  conclusions.  Yet  we  may  be  allowed 
to  add  one  other  reflection.  If  we  find  in  ourselves 
Ideas  of  Good  and  Evil,  manifestly  bestowed  upon  us 
to  be  the  guides  of  our  conduct,  which  guides  we  yet 
find  it  impossible  consistently  to  obey; — if  we  find 
ourselves  directed,  even  by  our  natural  light,  to  aim 
at  a  perfection  of  our  moral  nature  from  which  we  are 
constantly  deviating  through  weakness  and  perverseness ; 
— if,  when  we  thus  lapse  and  err,  we  can  find,  in  the 
region  of  human  philosophy,  no  power  Avhich  can  efface 
our  aberrations,  or  reconcile  our  actual  with  our  ideal 
being,  or  give  us  any  steady  hope  and  trust  with  regard 
to  bur  actions,  after  we  have  thus  discovered  their  incon- 
gruity with  their  genuine  standard ; — if  we  discern  that 
this  is  our  condition,  how  can  we  fail  to  see  that  it  is  in 
the  highest  degree  consistent  with  all  the  indications 
supplied  by  such  a  philosophy  as  that  of  which  we  have 
been  attempting  to  lay  the  foundations,  that  the  Supi^me 
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Cause,  through  whom  man  exists  as  a  moral  being  of  vast 
capacities  and  infinite  hopes,  should  have  Himself  pro- 
vided a  teaching  for  our  ignorance,  a  propitiation  for  our 
sin,  a  support  for  our  weakness,  a  purification  and  sancti- 
fication  of  our  nature  ? 

And   thus,   in   concluding   our   long   survey  of  the 
grounds  and  structure  of  science,  and  of  the  lessons  which 
the  study  of  it  teaches  us,  we  find  ourselves  brought  to  a 
point  of  view  in  which  we  can  cordially  sympathize,  and 
more  than  sympathize,  with  all  the  loftiest  expressions  of 
admiration  and  reverence  and  hope  and  trust,  which  have 
been  uttered  by  those  who  in  former  times  have  spoken 
of  the  elevated  thoughts  to  which  the  contemplation  of 
the  nature  and  progress  of  human  knowledge  gives  rise. 
We  can  not  only  hold  with  Galen,  and  Harvey,  and  all 
the  great  physiologists,  that  the   organs  of  animals  give 
evidence  of  a  purpose ; —  not  only  assert  with  Cuvier  that 
this  conviction  of  a  purpose  can  alone  enable  us  to  under- 
stand every  part  of  every  living  thing ; — ^not  only  say  with 
Newton  that  "  every  true  step  made  in  philosophy  brings 
us  nearer  to  the  First  Cause,  and  is  on  that  account 
highly  to  be  valued ;" — and  that  "  the  business  of  natural 
philosophy  is  to  deduce  causes  from  effects,  till  we  come 
to  the  very  First  Cause,  which  certainly  is  not  mechanical:" 
— but  we  can  go  much  further,  and  declare,  still  with 
Newton,  that  "  this  beautiful  system  could  have  its  origin 
no  other  way  than  by  the  purpose  and  command  of  an 
intelligent  and  powerful  Being,  who  governs  all  things, 
not  as  the  soul  of  the  world,  but  as  the  Lord  of  the 
Universe ;  who  is  not  only  God,  but  Lord  and  Governor." 
When  we  have  advanced  so  far,  there  yet  remains  one 
step.     We  may  recollect  the  prayer  of  one,  the  master  in 
this  school  of  the  philosophy  of  science :   "  This  also  we 
humbly  and  earnestly  beg ; — that  human  things  may  not 
prejudice  such  as  are  divine; — neither  that  from  the 
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unlocking  of  the  gates  of  sense,  and  the  kindling  of  a 
greater  natural  light,  anything  may  arise  of  incredulity  or 
intellectual  night  towards  divine  mysteries ;  but  rather 
that  by  our  minds  thoroughly  purged  and  cleansed  from 
fancy  and  vanity,  and  yet  subject  and  perfectly  given  up 
to  the  divine  oracles,  there  may  be  given  unto  faith  the 
things  that  are  faith's."  When  we  are  thus  prepared  for 
a  higher  teaching,  we  may  be  ready  to  listen  to  a  greater 
than  Bacon,  when  he  says  to  those  who  have  sought  their 
God  in  the  material  universe,  "Whom  ye  ignorantly 
worship,  him  declare  I  unto  you."  And  when  we  recol- 
lect how  utterly  inadequate  all  human  language  has  been 
shown  to  be,  to  express  the  nature  of  that  Supreme 
Cause  of  the  Natural,  and  Rational,  and  Moral,  and 
Spiritual  world,  to  which  our  Philosophy  points  with 
trembling  finger  and  shaded  eyes,  we  may  receive,  with 
the  less  wonder  but  with  the  more  reverence,  the  decla- 
ration which  has  been  vouchsafed  to  us : 

EN  APXH  HN  'O  AOrOS,  KAI  'O  AOrOS  HN  HPOS  TON  GEON,  KAI 

OEOS  HN  'O  AOrOS. 


THE   END. 
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